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PREFACE. 


The  investigations  and  discoveries  in  neurology  during  the  past 
ten  years  have  made  the  diagnosis  of  nervous  diseases  less  difficult 
and  more  exact,  so  that  it  is  now  possible  to  trace  any  symptom 
presented  by  a  patient  to  some  disturbance  of  fimction  in  a  definite 
nerve  centre  or  nerve  tract.  And  as  the  knowledge  of  these  centres 
and  tracts  has  grown,  as  their  location  and  action  have  been  made 
clear,  the  meaning  of  symptoms  previously  perplexing  has  become 
plain. 

Accuracy  of  diagnosis  has  led  in  turn  to  precision  in  treatment, 
and  especially  to  the  application  of  surgical  measures  for  the  relief 
of  diseases  formerly  considered  incurable.  There  are  few  depart- 
ments of  medicine  in  which  more  remarkable  progress  has  been 
made  than  in  neurology;  and  there  is  none  that  lies  so  openly  on 
the  borderland  between  medicine  and  siu-gery.  The  surgical  suc- 
cesses in  the  treatment  of  nervous  affections  are  among  the  most 
brilliant  of  recent  achievements  in  this  domain. 

The  mass  of  pathological  and  clinical  material  that  has  accu- 
mulated  in  my  possession  during  the  past  twenty  years  in  the 
practice  of  this  specialty  has  seemed  worthy  of  analytical  study,  and 
has  led  me  to  many  definite  conclusions.     It  is  upon  this  material 
A  to  a  large  degree  that  the  statements  presented  in  this  book  are 

iJ  based.    While  the  extensive  literature  of  neurology  has  been  care- 

fully sifted,  its  facts  collated,  and  its  theories  considered,  the 
endeavor  has  been  made  to  utilize  |)ersonal  observation  and  expe- 
rience in  the  presentation  of  each  subject. 

It  has  been  my  object  to  make  clear  both  to  students  and  to 
practitioners  the  principles  upon  which  the  location  and  diagnosis  of 
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nervous  diseases  rest,  and  to  put  before  them  in  a  definite  manner 
the  appropriate  medical  and  surgical  treatment  and  its  results. 

For  the  cordial  co-operation  of  Dr.  F.  R.  Bailej'  in  the  preparation 
of  pathological  material ;  of  Dr.  Edward  R.  Leaming  and  Dr.  R.  H. 
Cunningham  in  photographic  work,  and  of  Dr.  Smith  Ely  Jelliflfe 
in  reading  the  proof,  I  desire  to  express  sincere  thanks. 

M.  Allen  Starr. 

6  West  Fifty-fourth  Stref.t,  New  York,  1903. 


CONTENTS. 


CHAPTER  I. 

PAGE 

The  SxRucrrRE  of  the  Nervous  System 17 

CHAPTER  II. 
The  Nerves  and  Their  Diseases 31 

CHAPTER  III. 
Injuries  and  Wounds  of  Nerves  and  Neuritis 46 

CHAPTER  IV. 
Neuralgia 78 

CHAPTER  V. 
Multiple  Neuritis         .        .        .        .  • 102 

CHAPTER  VI. 
The  Toxic  Forms  of  Multiple  Neuritis 117 

CHAPTER  Vir. 
The  Infectious  and  Toxemic  Forms  of  Multiple  Neuritis  .        .        .141 

CHAPTER  VIII. 
Epidemic  Multiple  Neuritis 151 

CHAPTER  IX. 

Multiple  Neuritis   Associated  with  Other   Diseased  States  of  the 

Body 155 

CHAPTER  X. 
Diseases  of  the  Spinal  Cord 165 

CHAPTER  XI. 
The  Spinal  Bloodvessels 200 

CHAPTER  XII. 
Anterior  Poliomyelitis 203 


vi  COyTENTS. 

CHAPTER  XIII. 

PAGE 

Amyotrophic  Lateral  Sclerosis 233 

CHAPTER  XIV. 
Muscular  Dystrophies 241 

CHAPTER  XV. 
Syringomyelia  or  Gliosis  Spinalis 260 

CHAPTER  XVI. 
Lateral  Sclerosis.    Spastic  Paraplegia 277 

CHAPTER  XVII. 
Locomotor  Ataxia.    Tabes  Dorsalis.    Posterior  Spinal  Sclerosis      .    282 

CHAPTER  XVIII. 
Combined  Sclerosis 328 

CHAPTER  XIX. 
Myelitis  and  Myelomalacia 337 

CHAPTER  XX. 
Injuries  op  the  Spinal  Cord.    HiEMATOMVELiA 366 

CHAPTER  XXI. 
Compression  of  the  Spinal  Cord 383 

CHAPTER  XXII. 
Landry's  Paralysis.     Acute  Progressive  Paralysis        ....    403 

CHAPTER  XXin. 
Spinal  Meningitis 406 

CHAPTER  XXIV. 
The  Diagnosis  and  Location  of  Brain  Diseases 412 

CHAPTER  XXV. 
The  Cemebral  Circulation 484 

CHAPTER  XXVI. 
The  Cerebral  Diseases  of  Vascular  Origin 488 

CHAPTER  XXVII. 
The  Cerebral  Atrophies  of  Childhood 530 


CONTENTS,  vii 

CHAPTER  XXVIII. 

PAOI 

Encephalitis 661 

CHAPTER  XXIX. 

MENIXGO-EKCEPHALITIii.      PaREHIS.      DeMEKTIA   PARALYTICA  .      666 

CHAPTER  XXX. 
Ab!<;£>«  of  the  Brain 664 

CHAPTER  XXXI. 
Thrombosis  of  the  Venous  Sinuses 680 

CHAPTER  XXXII. 
Tumors  of  the  Brain 684 

CHAPTER  XXXIII. 
Bulbar  Paralysis ^ 622 

CHAPTER  XXXIV. 
The  Cranial  Nerves  and  Their  Diseases 630 

CHAPTER  XXXV. 
General  Diseases  of  the  Nervous  System 696 

CHAPTER  XXXVI. 
Syphilis  of  the  Nkrvous  System 706 

CHAPTER  XXXVII. 
Pachymeningitis  and  Meningeal  Hemorrhage 709 

CHAPTER  XXXVIII. 
Cerebral  Meningitis 717 


ORGANIC  NERVOUS  DISEASES. 


CHAPTER  I. 

THE  STRUCTURE  OF  THE  NERVOUS  SYSTEM. 

I.  The  Cerebro-spinal  Nervous  System.  Neurones,  Central  and  Peripheral.  Dendrites. 
Axones.  Terminal  Tassels.  Varieties  of  Neurones.  Nutrition  and  Pathology  of 
Neurones.     II.  The  Sympathetic  Nervous  System. 

The  nervous  system  is  divided  into  two  parts,  the  cerebro-spinal 
system  and  the  sympathetic  system. 

I.   THE  0EREBBO-8PINAL  NERVOUS  SYSTEM. 

The  cerebro-spinal  nervous  system  consists  of  two  large  central 
organs,  the  brain  and  spinal  cord,  and  of  a  very  extensive  and  wide- 
spread peripheral  system  of  nerves  which  bring  these  central  organs 
into  communication  with  every  part  of  the  body.  Inasmuch  as 
every  form  of  functional  activity  in  the  organism  requires  direction 
in  accordance  with  the  needs  of  each  organ  and  also  of  the  entire 
body,  it  is  CN-ident  that  a  central  regulating  station  in  perfect  con- 
nection with  all  the  different  parts  is  a  necessity.  The  cerebro- 
s[)inal  nervous  system  supplies  this  need.  Its  function  consists  in 
the  reception  of  impressions  and  the  response  to  these  impressions 
by  actions  that  are  performed  in  a  properly  ordered  manner  adapted 
to  an  end.  Incidentally  impressions  and  actions  are  registered,  so 
that  recollection  is  possible  and  repetition  is  easy.  These  acts  may 
he  unconscious  and  automatic,  or  conscious  and  voluntary,  according 
to  the  parts  of  the  nerv^ous  system  which  are  called  into  play  by  the 
impression.  But,  whether  conscious  or  unconscious,  the  action  is 
always  one  of  control  of  the  lower  mechanisms  of  the  body;  of  the 
sensory  organs,  and  of  the  voluntary  and  involuntary  muscles;  of 
the  circulatory  and  respiratory  systems ;  of  the  secretory  glands,  and 
of  the  digestive  and  reproductive  systems.  Thus  the  nervous  system 
may  be  considered  as  the  governing  and  controUing  system  of  the 
entire  organism. 

The  otMitral  organs  of  the  nervous  system  are  made  up  of  gray 
and  white  inatt(»r,  whose  visible  difference  led  older  anatomists  to 
attach  much  importance  to  their  varying  arrangement.  The  gray 
matter  was  known  to  be  made  up  of  cells,  and  the  white  matter  of 
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iKTVe  filires  traiisMiittiiifj;  impulses  to  aTi<l  froin  the  cells.  But  retn^nt 
invest ipit ion  hits  lienionstrated  that  gray  and  white  matter  ure 
nierely  (hffrreiit  )>arts  nl"  eleiiteiitary  iM^ilif^s,  tertne<l  neurones,  whieh 
make  up  the  nervous  system,  uikI  that  the  study  f*f  iliese  meurones, 
of  their  stryeture,  and  of  their  eoiinections,  wliether  they  He  singly 
or  in  gidu]}s,  as  in  the  s]>inal  eord,  or  in  masses,  as  in  the  basal 
ganglia  of  tlie  brain,  or  spread  out  in  layers,  as  in  the  eerebral  cortex, 
is  a  matter  of  the  greatest  iiii|)ortanee  from  every  |>oint  of  view.  It 
is  found  that  tlie  white  matter  an<l  the  nerves  are  merely  tlie  distal 
]H>rtiorii?  of  these  neurones,  antl  are  not  to  be  studied  a])art  from  the 
central  part  or  body  which  forms  the  gray  matter.  It  is  therefore 
the  chief  olijeet  of  the  anatomist  to-day  to  establisli  tiie  situation 
of  the  neurone  body  and  tlie  course  and  termination  of  tlie  neurone 
branehes,  theii'  mutual  relations,  and  their  manner  of  action  and 
interaction. 

The  neiu^ones  are  lield  together  Iw  nem^oglia  and  connective  tissue, 
and  are  amply  supplied  with  bloudvessels  and  lymphatics. 

Classes  of  Neurones.  There  are  two  elass(\H  of  neurones  different 
ill  their  origin  in  eml>ryonal  life.  Tlie  first  class  develops  in  the 
central  nervous  system.  The  second  class  develops  in  the  ganglia, 
which  lie  upon  the  nerves. 

I.  The  First  or  Ceatral  Class  of  Neurone.  The  neurone  consists  of 
a  cell  body  and  its  projecting  branches.  Th(*se  are  of  two  kinds, 
dendrites  and  axones. 

Thf'  cell  htifiij  has  various  shapes  in  tlifferenl  parts  of  the  ner^^ous 
systeiTj,  being  spherical,  pyramidal,  and  polygonal,  as  shown  in  Fig, 
1.  The  actual  structure  of  the  boily  is  shown  in  Plate  I.,  -4,  which 
demorLstrates  a  protoplasmic  mass  unstaiiieil,  a  nucleas  and  nucle- 
olus and  a  large  nmnber  of  gramilar  bodies  which  are  more  or  less 
regularly  arranged  in  the  pmioplasm  about  the  luicleus.  These 
bodies  are  stained  by  basic  aniline  dyes  and  have  been  termed 
Nissl  bodies,  chroniophile  bodies,  stainaljle  substance,  or  tigroid. 
NissI  bodies  are  matle  up  of  phosiiho-albumin,  and  it  is  supposed  that 
this  exi.^ts  in  solution  in  the  living  cell  among  the  other  ingredients 
of  the  |>nito[>lasm,  but  is  prei'ijntated  by  the  fixative  and  tlren  stained 
liy  the  dye.  Tlu^  c(^ll  liody  varies  greatly  in  size  in  different  i)arts 
of  the  nervous  system;  it  is  from  4  to  135  microns  in  liiameter. 
Through  the  cell  !)ody  fine  fibrils  have  been  shown  to  pass  in  many 
directions  from  and  to  the  liranching  jiroeesses*  (Fig:  2),  but  some 
consider  that  the  cell  Ixidy  is  made  up  of  a  reticulum,  and  that  these 
fibrils  are  artefacts. 

The  defiflritcs  nw  branching  protoplasmic  ])roce,s,ses  of  the  cell 
hodv  and  resemlile  it  in  structure,    Thev  are  verv  numerous  in  some 


•  The  atruiitun?  of  tUf  nf^uroue  body  is  FtiU  a  matter  of  disc^issioiu  Tht*  ruiuU^r  is 
reft*rTc*a  tej  Barker's  NervouM  Sj'atem,  Apjjlrton  A:  dt,  IH9H;  io  Ewing,  iStudies  od 
GnngUrvn  CeUs,  Archive**  of  Xeurolo^B:y  niui  PHyphnputliotogy.  isys,  \*»r  i.  p.  2*>;t;  to 
Bailov«  Morphology  of  Ganglion  Cells,  Journal  of  Ejcpt*riiti«'nlnl  Medieim?,  1901^  vol,  v. 
p.  &5ih 
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neurones.    Near  the  cell  body  they  are  thick,  but  as  they  extend  i 

away  they  divide  and  subdivide,  resembling  the  roots  of  a  tree,  until 
they  end  in  fine  fibrils.  The  dendrites  vary  in  length,  some  neurones 
having  one  very  long  dendrite  and  many  short  ones.  These  varia- 
tions are  shown  in  Fig.  1.  They  pursue  a  tortuous  course  and  are 
very  irregular  in  their  size,  shape,  and  branching.  The  surface  of 
the  dendrite  is  rough  and  often  nodular,  and  appears  to  be  covered 
with  small  granules  called  buds  or  gemmules.    Within  the  dendrite  j 

fine  filaments  lie  which  pass  into  the  cell  body,  and  through  it  into 
other  dendrites  or  into  the  axone.     It  is  supposed  that  the  dendrites 

I 
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Laige  plaripolar  ganglion  cell  of  the  ventral  paramedian  field  or  the  abdominal  cord  of  Lam- 
brictu.  A  primitive  fibril  is  seen  on  its  way  to  a  ganglion  cell  becoming  thinner,  owing  to  the 
emiasioii  of  the  side  fibrils.  A  very  complicated  intracellular  reticulum  of  neuro-fibrils  is  to  be 
made  oat  in  the  formation  of  which  the  primitive  fibrils  of  all  the  procoses  take  part,  kk,  nucleo- 
lus ;  kt  nucleus,  a  and  p  are  processes  containing  one  primitive  fibril  in  each,  which  arriving  in 
the  cell  body  split  up  into  several  bifurcating  neuro-fibrils.  The  primitive  fibril  in  a  can  be  fol- 
lowed for  a  very  long  distance,  being  thicker  at  a  distance  fh)m  the  cell.  The  coarse  longitudinal 
processes  y  and  6  contain  a  large  number  of  primitive  fibrils  which,  as  far  as  they  can  be  followed, 
do  not  unite  to  one  fibril.  (After  S.  Apathy,  Mitth.  aus  der  zool.  St.  zu  Neapel,  1897,  Bd.  xii. ,  Ht.  4, 
Taf.  xxvli.,  Fig.  7.) 

collect  and  transmit  nervous  impulses  to  the  cell  body ;  and  as  they 
are  numerous  and  long  it  is  evident  that  impulses  from  many  sources 
may  reach  any  one  cell  body. 

The  axone  or  axis-cylinder  process  of  the  neurone  is  a  single,  long 
branch,  arising  from  a  cone-like  projection  of  the  cell  body.  This 
cone-like  projection,  as  well  as  its  base  within  the  cell  body,  contains 
no  chromophile  substance,  but  fine  fibrils  can  be  found  within  it  by 
acid  stains.  It  is  supposed  to  transmit  nervous  impulses  from  the 
cell.  It  is  straight  and  smooth  in  contour,  and  uniform  in  size. 
Though  in  its  course  mthin  the  central  organs  it  gives  off  very  fine 
collateral  filaments  at  right  angles  to  its  direction,  it  does  not  branch 
in  the  nerv^e  until  it  reaches  its  very  end,  some  di^ance  from  the 
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cell  body.  There  it  divides  into  a  number  of  little  end  fibrils 
resembling  a  tuft  or  tai^seb  (Fig.  5 J  In  the  central  organs  it  is 
possible  that  these  hl>ri!s  enter  the  dendrites  of  other  neurones.  It 
is  possible  that  they  end  in  free  tenidnatiniis  which  merely  touch 
these  dendrites.  The  collaterals  terminate  in  the  s^ame  mamier. 
The  termination  of  the  axone  in  nniscles  is  in  the  so-called  muscle 
plat4?.  In  the  other  organs  it  ends  in  a  fine  plexus  of  nerve  tila- 
!nent,s.  The  axone  is  made  ypnf  imuiy  tinefilirils  packed  together, 
which  are  gathered  from  the  cell  botly  and  from  its  dendrites.  Fig, 
6  shows  this  structure.    The  si»e  of  the  axone  at  its  exit  from  the 
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Purlctnjc  neunme  ot  cercbelUim.    Miiny  dutnlrltes.    Odc  nxorie  projijctlag  from  the  body. 

cell  Imdy  varies  in  difi'erent  neurunes.  Sume  axones  extend  long 
distances,  its  from  ttie  cortex  of  the  brain  Uv  the  lowest  |»art  of  the 
spinal  cord.    This  variety  is  known  as  Type  L  of  Golgi.     (Fig.  7.) 

Some  axones  terminate  near  the  cell  Ijody.dividiig  and  sulxlividing 
into  a  9^yrt  of  netwT>rk.  This  vari(*ty  is  known  as  Tvfie  IL  of  Golgi. 
(Fig,  K)     Bt^fw'iH'n  these  extnMni*s  all  varieties  are  tu  be    ound. 

When  the  long  axones  leave  tlie  gray  tnatter  they  are  insulat(Ml  from 
each  other  by  receiving  a  ineiiiiUary  sheath  or  fatty  ct rating  held  in 
place  by  a  thin  memtjrane,  Ijut  this  they  lose  at  their  termination. 
In  Fig.  7  this  is  shown.     Some  axmies  on  Hearing  their  termination 


JJeufuMiei  Ql  ibe  cerebnU  cortex,  fteoond  l*y<?r  Tbc  long  dendrite  extends  to  ilic  surfuce  lnycr. 
SmAller  deodfittts  ko  out  from  the  body.  Tlit;  axoue  paitscft  duvvnwiird  fronj  Ihe  liody,  ^IvIiie  ofl 
OoUateral^, 
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body  along  the  axone  it  is  evident  that  it  may  reach  many  different 
destinations,  because  of  the  different  places  of  ending  of  the  collat- 


Fio.  5. 


The  tenninal  fibres  of  the  axone^.    a.  Axone  biAircating  near  its  termination,    b,  c,  d.  Terminal 
brushes.    (Ramon  y  Cajal,  Studien  uber  die  Himrinde  des  Menschen,  f.,  55.) 


Fig.  6. 


erals  and  of  the  terminal  filaments.  The  terminal  filaments  of  the 
axones  are  never  continuous  with  other  axones:  but  impulses  are 
probably  conveyed  from  one  neurone  to  another 
by  the  contact  of  axones  with  adjacent  dendrites 
or  with  other  cell  bodies. 

The  nutrition  of  both  axones  and  dendrites  is 
cx)ntrolled  by  the  cell  body,  for  they  atrophy 
when  separated  from  it.  Nerves  are  the  axones 
of  neurones  collected  into  bundles  and  held 
together  by  connective  tissue. 

n.  The  Second  or  Peripheral  Glass  of  Neurone. 
This  class  belongs  to  the  sensory  part  of  the  ner- 
vous system.  It  develops  originally  in  the  poste- 
rior spinal  ganglia  that  lie  outside  of  the  spinal 
cord  and  in  the  homologous  ganglia  that  are 
in  connection  ^\ith  the  sensory  cranial  nerves  and  j^^^^^  f^om  the  sciatic 
also  in  the  ganglia  of  the  sympathetic  vsystem.  nerve  of  a  frog,  showing 
The  sensorv  neurone  in  an  early  stage  of^level-  fibriiiatj  structure  and  a 

,.",.,  I  ,  "   .        ^  ^  I      node  of  Ranvier.    (Ver- 

opment  is  bipolar,  a  branch  coming  out  of  each  worn.) 

end  of  the  cell  body.     (Fig.  1,  3.)     Later  the 

two   branches  appear  to  be  fused  t()g(»th(T  for  a  short   distance, 

and   thus  in  the  adult  the  sensory  nc^urone   is  pear-shaped  and 
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appears  to  send  out  a  siiipjle  axoiie  which  di\ades  into  two  branches, 
passing  in  opposite  directions.  One  of  these  branches  finds  its  way 
outw^ard  to  the  periphery  of  the  body,  forming  a  sensory  nerve,  and 


FlO.  7. 


Scheme  of  cetitnil  mcitor  oearone.  (1.  type  of  Golgf.  j  The  motor  cell  body,  togetlier  with  nil  Lta 
protoplasmic  proctiSBes.  its  nxiflrcy Under  proccfaip  sfde  tlbd^H,  or  cullatemlg,  and  end  mmfftciitiotiM, 
repTvaeat  parts  of  a  ilngle  cell  or  neitrmi*;.  aJi.,  axone-blHock  devoid  of  Nl&sl  bodie§,  and  ibowltig 
flbriUAtlon  ;  ax,,  axla  cylinder  or  axons.  Thin  process,  near  the  cell  body,  becomes  surrounded  by 
myelin,  m..  and  a  cellQlar  sheath,  tha  neurilemtzia,  the  Hatter  not  being  an  Integral  part  of  the 
neurooe  ;  c,  cytoplaam showing  NImI  bodies  arid  tighter  |px>iiiid  substance;  dl.,  protoplasmic  pro- 
oesMia  (dendrftea)  containing  Nigsl  bodies ;  «.,  nncleus ;  »',,  nucleolus  :  n.R.,  node  of  RaoTlcr ;  *./., 
side  Abrll ;  «.  <i/'  n»,  nucleus  of  neurilemma  Hheatb;  teL,  motor  end  plAte  or  telodendron;  in'„ 
striped  muscle  fibre ;  nL,.  segmentation  of  Lantermauu.    (Biirlter) 


i 
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terminates  in  a  fine  brush-like  expansion  of  filaments  in  the  skin 
or  in  the  tactile  corpuscles.  The  other  branch  finds  its  way  inward 
through  the  posterior  nerve  root  into  the  spinal  cord  or  brain  axis, 
where  it  bifurcates,  one  portion  passing  downward  and  the  other 
portion  upward  in  the  posterior  columns  of  the  spinal  cord,  or  in 
the  formatio  reticularis  of  the  brain  axis.  As  these  main  branches 
pass  up  and  down  within  the  cord  they  give  off  at  right  angles  little 

Fig.  8. 


Golgi'8  cell  of  Type  II.  fh>ra  the  dorsal  horn  of  the  gray  matter  of  the  spinal  cord  of  the  newborn 
moose.  Even  in  such  a  neurone  the  axone  is  very  easily  distinguishable  ftom  the  dendrites.  The 
Utter  are  only  represented  in  part  in  the  illustration.    (Alter  von  Lenhoss^lc.) 

collaterals,  and  these  collaterals,  together  with  the  main  branches, 
terminate  in  brush-like  extremities  within  the  gray  matter  of  the 
posterior  horn,  either  near  their  entrance  or  as  far  from  their 
entrance  as  the  posterior  nuclei  of  the  medulla  oblongata,  or  at 
various  levels  in  the  brain  axis.  The  sensory  axone  never  terminates 
in  a  cell  in  the  spinal  cord  or  brain  axis.  It  ends  in  brush-like 
terminations  or  tassels. 


26  THE  STB  UCTUBE  OF  THE  NEB  VO  US  S  YSTEM. 

In  this  form  of  neurone  the  cell  body  is  situated  about  one-half 
way  between  the  terminal  extremities  of  its  two  great  branches,  and 
this  fact  of  the  interposition  of  the  body  in  the  course  of  a  nerve 
tract,  which,  from  the  nature  of  the  case,  must  be  a  continuous  tract, 
suggests  that  the  function  of  the  cell  body  is  a  trophic  one.  We 
have  proof  also  that  an  axone  is  not  always  centrifugal  in  the 
direction  of  its  impulses. 

The  structure  of  the  cell  body  in  this  class  of  neurones  is  not 
different  from  that  in  the  first  class;  but  the  chromophile  granules 
are  arranged  about  the  nucleus  in  a  series  of  concentric  rings. 
(See  Plate  I.,  B.) 

Varieties  of  Neurones.    Neurones  have  been  classified  into: 

1.  Primary  neurones,  whose  cell  bodies  lie  in  the  central  nervous 
system  or  ganglia  and  whose  axones  extend  thence  to  some  peripheral 
part  of  the  organism,  to  a  muscle,  or  to  a  gland,  or  to  the  skin,  or 
to  some  sensory  organ,  and 

2.  Secondary  neurones,  whose  cell  bodies  lie  in  the  central  nervous 
system  and  whose  axones  extend  to  some  other  part  of  the  central 
nervous  system,  to  terminate  about  a  primary  neurone  or  about 
another  secondary  neurone. 

Neurones  have  also  been  classified  according  to  their  function  into 

1.  Centrifugal:  (a)  motor,  (h)  secretory,  (c)  trophic. 

2.  Centripetal  or  sensory. 

3.  Intrinsic  or  association. 

The  diagram  (Plate  II.)  illustrates  these  various  neurones  and  their 
relations  to  one  another. 

Reflex  acts  may  be  performed  by  the  primary  neurones,  but  all 
conscious  sensations  or  voluntary  acts  involve  the  action  of  both 
primary  and  secondary  neurones  acting  together.  This  action  may 
be  illustrated  by  the  analysis  of  a  simple  sensation,  like  the  impact  of 
a  particle  of  dust  in  the  eye,  which  causes  a  wink,  a  flow  of  tears,  a 
conscious  pain,  and  a  voluntary  effort  to  remove  the  particle.  The 
sensation  comes  in  from  the  eye  along  the  primary  sensory  neurone, 
is  transmitted  (a)  to  the  brain  axis,  where  it  reaches  the  primary 
motor  neurone,  setting  up  the  centrifugal  reflex  acts  of  a  wink  and 
of  secretion  of  tears, and  {b)  to  the  secondary  sensor\'  neurone,  which 
transmits  it  upward  to  the  l)rain.  This  secondary  neurone  may 
terminate  about  another  secondary  or  association  neurone,  which 
th(»n  sends  the  imi)ulse  on  to  a  secondary  motor  neurone,  and  this 
in  turn  sends  its  impulse  down  to  the  primary  neurone,  which 
transmits  it  to  the  muscle,  causing  the  removal  by  the  hand  of  the 
particle. 

There  are  many  more  complex  acts,  either  automatic,  like  the  act 
of  bn^athing  or  sneezing;  or  voluntary,  like  the  act  of  walking  or  talk- 
ing, which  call  into  play  a  vast  number  of  neurones — centrij)etal, 
intrinsic,  centrifugal — which  cannot  be  so  easily  analyzed.  But 
however  complex  the  act,  the  physical  basis  of  all  nervous  and 
mental  activitv  is  the  interaction  of  a  series  of  neurones. 


PLATE   II. 


The  Relations  of  the  Neurones. 

The  association  neurones  are  shown  in  red.  A  sensory  impression  from  the  skin  reaches 
the  spinal  cord,  where  it  may  excite  the  motor  neurone  ;  or  the  Clarke  cell,  and  through  it  the 
cerebellum  :  or  the  medulla,  optic  thalamus  and  cerebral  cortex,  causing  automatic  responses 
and  conscious  perceptions.  A  sen.sory  impression  from  the  semicircular  canals  may  reach  the 
cerel>ellum,  causing  automatic  acts  of  equilibrium.  Cerebellar  impulses  may  l>c  sent  to  the 
motor  neurone  by  way  of  the  neurones  of  Deiters  in  the  me<lulla,  producing  acts  of  balanc- 
ing, or  to  the  cerebrum  by  way  of  the  optic  thalamus,  causing  perceptions  of  position. 
Cerebral  impulses  may  be  sent  directly  to  the  motor  neurone  or  indirectly  through  the  corpus 
striatum,  producing  voluntary  or  automatic  acts.  The  motor  neurone  sends  its  nerve  to  the 
muscle. 
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The  arrangement  of  these  neurones  and  their  mutual  relations  will 
be  considered  in  connection  with  the  studies  of  diseases  of  the  various 
parts  of  the  nervous  system.  In  that  connection  also  the  vascular 
supply  of  the  nervous  system  will  be  described. 

Tlie  Nutrition  of  the  Neurone.  In  order  that  these  neurones  may 
do  their  work  they  must  have  a  normal  structure  and  a  normal 
capacity  for  sustaining  their  nutrition  when  in  activity.  When  a 
neurone  is  made  to  work  it  undergoes  certain  manifest  changes. 
Hodge*  was  the  first  to  describe  alterations  in  the  form  and  appear- 
ance of  the  cell  and  of  its  nucleus  consequent  upon  its  activity. 
There  is  a  general  diminution  in  the  size  of  the  cell,  a  lessened  power 
to  absorb  staining  substances,  which  may  be  taken  as  a  proof  of  the 
using  up  of  its  own  substance  and  also  changes  in  the  appearance  of 
the  nucleus,  which  is  decreased  in  size,  and  changes  from  a  smooth  and 
rounded  outline  to  a  jagged  and  irregular  one.  As  the  cell  becomes 
changed  in  its  structure  by  constant  work,  it  becomes  more  and  more 
exhausted,  so  that  finally  there  comes  a  time  when  it  is  no  longer 
capable  of  sending  out  impulses,  and  requires  a  period  of  rest  to  make 
up  what  it  has  lost  of  form  and  to  regain  a  store  of  energy.  Vas' 
and  Mann'  have  described  these  physiological  changes  more  exactly. 
Vas  showed  that  mild  stimulation  of  a  cell  caused  a  swelling  of  its 
body  and  of  the  nuc'ei  and  a  clearing  up  of  the  central  part  of  the 
cell  by  an  apparent  movement  of  the  chromatin  bodies  to  its  periph- 
ery. Mann  showed  that  functional  activity  of  the  cell  is  accom- 
panied by  an  increase  in  the  size  due  to  imbibition  of  the  lymph  lying 
in  the  cavity  about  the  cell,  so  that  the  cell  at  work  fills  up  the 
cavity  in  which  it  lies.  AA'hen  activity  goes  on  to  the  j)oint  of  fatigue, 
then  a  shrivelling  of  the  cell  begins,  first  in  the  nucleus,  then  in  the 
body.  At  the  same  time  changes  go  on  in  the  chromatin.  During 
the  period  of  activity  the  chromatin  material  is  used  up,  so  that  a 
fatigued  cell  does  not  absorb  staining  material  as  does  a  cell  at  rest. 
In  an  exhausted  cell  the  only  stain  is  in  and  about  the  nucleus.  In 
Plate  I.  these  changes  are  shown.  These  results  have  Ix^en  reached 
by  stimulating  cells  to  work  in  living  animals  either  by  electricity 
or  by  keeping  up  movements,  such  as  running,  or  by  exposing  one 
eye  to  the  light  while  the  other  was  kept  dark,  and  then  contrasting 
the  appearance  of  the  cells  made  to  work  with  those  that  were  kept 
at  rest.  When  a  stimulated  cell  is  allowed  to  rest  it  gradually 
resumes  its  original  appearance;  but  the  period  of  rest  must  be 
adecjuate.  During  the  period  of  reconstruction  the  chemical  activi- 
ties going  on  in  the  cell  are  numerous,  and  its  j)0wer  of  assimilation 
of  material  furnished  to  it  by  th(*  blood  must  be  increased.  If, 
however,  anything  interferes  with  this  increased  nutrition,  such  as 
an  imj)erfect  supply  of  blood  or  a  d(»leterious  substance  of  any  kind 

*  Hodge.     American  Journal  of  Psycliolopy,  vol.  ii.  p.  39. 

*  Vas.     ITeber  den  Bau  des  Chromatins  in  dou  lymphatlsdion  Ganglicn,  Arohiv.  fiir 
MikroscopLsche  Anatomio,  1892,  Heft  3,  p.  375. 

*  (lustav  Maun.     Journal  of  Anatomy  and  Phy.siology,  October,  1894. 
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in  the  l)lood,  then  the  process  of  built Ung  up  fails  to  take  phice»  and 
the  neurone  catniot  resume  its  function. 

The  Pathology  of  the  Neurone.  The  fundamental  fact  at  the 
basis  of  all  forniy  of  nervous  disease  is  some  change  in  the  power  of 
the  neurone  to  continue  it-s  iiornial  functions.  Tliis  may  be  of  a 
temporary  character,  whose  nature  is  as  yet  not  understood,  and  not 
attended  by  visible  alterations  of  form;  and  may  be  succeeded  by  a 
resumption  of  natund  action.  This  is  the  hypothetical  basis  of 
functional  nervous  diseases.  But  the  loss  of  power  in  the  neurone 
may  also  be  due  to  damage  more  or  less  grave  to  its  structure, 
visible  through  the  microsco{)e,  and  often  incapahle  of  repair.  This 
is  the  basis  of  organic  diseases  of  the  nervous  system.  The  varieties 
will  Ije  carefully  consitlered  in  connection  with  the  various  diseases 
studied.  It  is  always  to  he  remembered  that  the  pathological 
changes  which  go  on  in  the  neurone  are  in  no  sense  distinct  from 
those  occurring  in  the  cells  of  other  organs;  Imt  the  exact  apjx^ar- 
ances  are  determined  l>y  the  structure  of  t!ie  neurone  as  different 
from  that  of  other  cells.  We  are  at  present  able  to  see  clianges  in 
the  size  and  shajie  of  the  cell  ixidy  and  of  its  nucleus  and  nucleolus. 
We  can  distinguish,  by  Nissls  method  of  staining,  changes  in  the  chro- 
mophile  liodies  within  tlie  cell  whicli  consist  in  a  gradually  {>rogress- 
ing  disintegration  of  these  bodies  until  they  are  resolved  into  a  fine 
dust,  and  then  entii^ely  disappear,  leaving  the  cell  body  a  homogene- 
ous, unstained  mass.  The  f>roto]>lasmie  substance  in  which  these 
chromophile  Imdies  lie  also  undergoes  degenerative  changes  in  disease ; 
but  our  staifiirig  methods  are  not  adequate  to  show  this.  We  can  see 
a  disj)Iacement  of  the  nucleus  of  the  cell  botly  to  one  side  as  the 
chromopliile  liodies  disappear,  which  indicates  either  a  solution  of 
the  sul>stance  about  the  nucleus,  and  its  consequent  sinking  by  gravi- 
tatifin  from  lack  of  suj>i>ort,  or  an  active  migration.  We  can  see  the 
develoimient  of  vacuoles  within  the  ceil  body,  indicating  anabsorjj- 
tion  of  botli  |iroto|)lasmie  and  chromophile  debris.  .\nd  we  can  see 
a  gradual  shrivelling  of  the  cell  body  until  its  place  is  taken  by 
a  granuhu"  scar.  The  dendrites  and  the  axone  share  in  the  patho- 
logical |jri>ci*sses  within  the  cell  body,  showing  similar  evidences  of 
disintegration  and  destruction,  or  the  axone  alone  may  undergo 
these  changes  in  lighter  grades  of  atro]jhy.  All  forms  of  neurones 
appear  to  undergo  similar  jjathological  alterations.  These  may 
be  classed  tugether,  no  matter  what  their  cause,  as  parenchy- 
matous inflammatory  processes  or  as  parenchymatous  ilegeiieratioii. 
There  are  certain  chemical  changes  which  attend  degeneration  in  the 
neurones  which  have  recently  been  determined  by  Mott/  He  has 
ascertained  that  when  nervous  tissue  degenerates,  protagon  or  lecithin 
breaks  ufi  into  choline,  glycero-phosphoric  acid,  and  stearic  aci*.!.  The 
protagon  is  converted  into  a  fat  of  a  different  composition,  the  jjhos- 
phtiretted  fat  being  ciianged  into  a  non-phosphoretted  neutral  fat. 


*  Arvh,  of  Neurology  of  ihv  London  County  AsylumM,  1899,  vo!.  i.  p.  185. 
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Neurones  \u  Various  Stages  of  Degeneration. 
(Schmaus  and  Sacki.^ 

4.  Chromatin  Ixxlici  Jcm  dbtttict  in  pcHphtrry ;  otiltinc  of  n uclcttB  imliiitjnei.     B.  Chrntimtin 
changed  into  ^unulrs  wbicli  fill  the  reticulum  ;  cell  body  conlrncilnft.    C.  EttVVTe\joA^  eKiv\Vt*«AJBA 
4i»ct  mictl  with  iJuM'Ukc  tUbria.    Z7.  Body  gmoulmr  and  conl&inint  vacuo\c*.    E,  F,  U,  ^xxwX 
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This  is  a  process  of  hydration,  and  15^  expressed  by  the  following 
equatiou: 

C«H»NPO  ■¥  3H|0  -  2Cj^^0|  -H  C^H#PO»  -¥  CJIuNO. 

(leeiUiln)       (water)  (stearic  acid)    (glyewo-       (eholine) 

puofi.  licid) 

Parenchymatous  degeneration  may  be  attended  by  or  may  be  due 
to  inflammatif^n  in  the  connective  tissue  or  in  the  neuroglia  which 
<*ver\'where  sur^oyn<^^  and  syjijiort.**  t!ie  neyroiien.  Such  inflaiiuna- 
tion  is  termed  interstitial,  and  the  nieehamral  euiiipression  exerted 
upon  the  neurones  by  i\\\  increase  in  the  supptirting  substjince  may 
cause  serious  degeneration  in  tlie  neurone.  Again,  in  those  forms 
of  inflammation  in  which  we  have  an  emigration  of  leuctjcytes,  we 
can  often  set^  tlies*^  Irodies  invading  the  neurone  Ixidy  and  a|»j>arently 
€lestro>'ing  its  tissue.  It  has  also  lieen  shown  that  l»acteria  nmy  find 
lodgement  within  the  neurone  body  or  in  it«  branches,  causing  irri- 
tation and  destruction;  and  it  is  not  unlikely  thiit  in  some  cases  the 
invasion  of  the  neurone  by  leucoc}4es  is  really  an  attempt  to  remove 
these  bacteria  by  phagoc>^<3sis.  In  Plate*  II L  these  changes  are 
iihown. 

All  these  pathological  processes  will  be  more  fully  studied  in  con- 
niH'tion  with  the  various  diseases  to  be  considered. 


11.  THE  SYMPATHETIC  NERVOUS  SYSTEM, 

The  sympathetic  nc^rvous  systenj  is  the  second  division  of  the 
nerv*ous  s\-stem.  Though  clost^ly  C(»nnecte«!  with  the  cfrehro-spinal 
system  by  the  nerves,  it  api>ears  to  differ  from  it  in  its  structure 
and  to  be  independent  of  it  in  its  function.  It  consists  of  a  series 
of  masses  of  gray  mattpr  enclosed  in  ca^isules  termefl  ganglia,  made 
up  of  sphtMical  cell  btxlies  and  joined  to  each  other  and  to  the  so 
called  involuntar>^  organs  fjf  the  body — ^thc  heart,  liloodvrssels,  and 
h^nphatics:  the  lungs;  the  digestive,  hemat*jge net ic,  s(M»retory,  and 
reproductive  syst+'ius — by  nerves  of  a  jieculiar  tv^xr  whose  axones 
lack  insulating  material  or  mi^tlullary  sheaths,  and  hence  are  gray 
instea<l  of  white. 

The  sympathetic  system  is  subdivided  into: 

1.  Two  ^vi\\  c«>rds  containing  ganglia,  which  lie  on  the  sides  of 
ilie  vertebral  cohunn  and  are  comiected  with  the  spiim!  cord  on  one 
inde  and  with  the  [ilexuses  on  tin*  other. 

2.  Tliree  pr<»vrrtrl>ral  ph^xuses,  \\\v  cardiac,  solar,  and  h^^xjgastric, 
which  are  masses  of  ganglia  connected  witli  th(*  viscera. 

3.  Many  peripheral  plexuses  connectetl  with  individual  organs, 

4.  Terminal  monocelhilar  ganglia  scattered  through  the  viscera. 

5.  Svmpathetic  nerve  fibres  which  join  tlies<*  jrlexuses  and  ganglia 
together  and  also  establish  their  connection  with  the  spinal  cord 
and  brain. 

Many  |tn'ou))s  of  cells  lying  in  the  central  region  of  the  spinal  cord 
imd  in  th(»  latrral  part  of  the  central  gray  nmtter  receive  antl  give 
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off  nerve  fibres  which  pass  by  way  of  the  nerve  roots  to  the  spinal 
nerves,  and  thence  to  the  sympathetic  cords  and  ganglia/  These 
nerves  are  both  sensory  and  motor ;  hence  it  is  probable  that  some 
part  of  the  activity  of  the  sympathetic  system  is  controlled  by  the 
spinal  cord. 

The  connection  of  the  sympathetic  system  with  the  brain  is  made 
by  the  great  vagus  or  pneumogastric  nerve. 

The  action  of  the  sympathetic  system  in  regulating  the  vegetative 
functions  and  the  acts  of  the  heart,  bloodvessels,  and  lungs  is  usually 
automatic  and  unconscious;  but  this  activity  may  be  reflected  upon 
consciousness  in  an  indefinite  manner  and  cause  changes  in  the 
emotional  state  and  in  the  general  feeling  of  comfort.  Head,  who 
has  made  a  careful  study  of  this  subject,*  affirms  that  exaltation  or 
depression  of  spirits,  hallucinations,  a  state  of  suspicion,  and  a  change 
of  character  may  be  induced  by  the  reflected  pains  of  visceral  disease. 
He  ascribes  many  of  the  symptoms  which  we  term  hysterical  to  such 
sources.  It  is  also  a  fact  that  unusual  states  of  consciousness, 
expectant  attention,  and  conditions  of  the  mind  and  brain  induced 
by  hypnotic  suggestion  may  in  turn  produce  physical  changes  in  the 
vascular  and  vegetative  organs.  These  can  be  explained  only  by 
admitting  a  control  by  the  brain  of  these  organs  through  sympa- 
thetic channels,  but  in  an  unconscious  and  involuntary  manner. 

Very  little  is  actually  known  concerning  the  diseases  of  the  sym- 
pathetic system,  and  nothing  is  known  of  its  patholog>\  It  is  not 
improbable  that  some  of  the  unctional  nervous  affections  may  be 
traced  to  its  derangement,  especially  those  in  which  the  vascular 
system  is  manifestly  affected,  but  so  few  definite  facts  are  as  yet  at 
our  disposal  that  diseases  of  the  sympathetic  system  are  not  included 
in  this  volume. 

1  Onuf  and  Collins.  Arcliives  of  Ncuroloj^v  and  Psychopathology,  1900,  vol.  iii., 
No.  1. 

•  The  (loulstonian  Lectures  for  1901.     Brain,  1901,  vol.  xxiv.  p.  345. 
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THE  NERVES  AND  THEIR  DISEASES. 

The  Structure  of  Nerves.  The  Histology  of  a  Nerve;  Axis  Cylinder;  Myelin;  Sheath 
of  Schwann.  Endoneurium.  Perineurium.  Injuries  of  Nerves.  Degeneration  of 
Nerves.  Regeneration  of  Nerves.  The  Pathology-  of  Neuritis.  Parench\anatous 
Neuritis.     Interstitial  Neuritis.     Segmental  Neuritis. 

THE  HISTOLOaY  OF  A  NERVE  FIBRE. 

When  a  nerve  trunk  is  dissected,  the  connective-tissue  sheath  or 
perineurium  enclosing  its  fibres  torn  away,  and  the  indi\4dual  fibres 
set  free  by  tearing  the  finer  connective-tissue  strands  or  endoneu- 
rium which  bind  them  together,  it  is  possible  to  distinguish  certain 
parts  by  means  of  appropriate  methods  of  staining. 

There  is,  first,  the  axone  or  axis  cylinder  (Fig.  9).  This  is  made 
up  of  a  number  of  primitive  fibrils  longitudinally  arranged  and  con- 
tinuous throughout  the  length  of  the  nerve.  The  fibrils  are  cemented 
together  by  a  substance  which  appears  finely  granular.  Each  axone 
comes  from  a  single  nerve  cell;  the  iridi\'idual  fibrils  come  from  the 
cell  body  and  from  its  dendrites.  The  fibrils  pass  together  in  the 
axone  to  the  i)erii)hery  and  there  terminate,  the  individual  fibrils 
branching  out  in  varioiLS  directions,  and  joining  with  other  fibrils 
from  other  axones  to  form  a  fine  plexus  within  the  organ  to  which  the 
nerve  as  a  whole  has  gone.  It  has  been  thought  possible  to  trace 
indi\'idual  fibrils  of  the  i)lexus  into  individual  epithelial  cells  in 
various  internal  organs  and  in  the  skin.  Other  axones  can  be  traced 
directly  to  terminal  organs,  such  as  the  terminal  plates  upon  the 
muscle  and  the  terminal  bulbs  and  corpuscles  in  the  skin.  In  these 
no  division  or  branching  of  the  fibrillary  constituents  of  the  axis 
cylinder  has  been  discovered.  Their  termination  in  each  of  the 
organs  of  special  sense  is  still  different.  The  diameter  of  an  axis 
cylinder  varies  from  2.6//  to  7.5,m.  It  is  no  longer  believed  that  the 
longest  fibres  have  the  greatest  diameter. 

There  is,  secondly,  the  myelin  sheath  surrounding  the  axis  cylinder. 
(Fig.  9.)  This  is  not  a  continuous  tube,  but  consists  of  a  series  of 
short  tubes  or  interannular  segments  placed  end  to  end.  These  seg- 
ments vary  in  length  from  0.1  mm.  to  1  mm.  and  are  longer  on  thick 
fibres.  The  point  of  junction  of  two  adjacent  segments  is  indicated 
by  a  constriction  in  the  contour  of  the  nerve  fibre,  the  node*  of 
RanvieT,  and  if  the  fibre  be  stained  with  osinic  acid  the  myelin  will  he 
seen  to  Ix?  deficient  at  these  nodes.  (Fig.  0.)  If,  by  any  nutans, 
the  nerve  fibre  Ix*  broken  the  myelin  in  any  segment  will  run  out 


Diagram,  of  tbe  etruclure  of  a  meduLkted  nerve  libre,  showing  two  dlflcrenL  views  coticerniug 
tbe  relations  of  the  sbealtis  of  Mmitbucr  nnd  of  Schwann.  Compiire  tbe  rigbt  and  lell  eidet, 
CSymonowicitj 

the  cell  from  which  it  issues;  and  iit  its  terrniimtion,  where  it  breaks 
up  into  bniiichin^  fibrils,  the  myelin  envelope  ceases.  Throughout 
the  course  of  the  nerve,  however,  the  myelin  sheath  is  present  in  the 
cercl>ro-spiniil  nerves,  forniiu^  a  protecting  enveloj)e  ami  probatJy 
acting  ns  an  insutatiiig  aiid  nutrient  sul)stance  as  well. 

There  if^^  thirr lly,  tlie  sheath  of  Schwann — a  connective-tissue  mem- 
brane siUTtJunding   the   myelin  j?heath.     (Fig,  7.)     This,  like  the 
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laat,  develops  in  segments  which  bc^corae  cemented  to  one  another 
at  the  points  of  constriction  of  the  fil>re:  but  finally  the  continuity 
between  arijacent  segments  becomes  complete,  so  that  in  an  adult 
fibre  the  sheath  is  continuous  over  the  node  of  Rangier,  and  here 
the  sheath  of  Schwann  is  the  only  coverinj?  of  the  axis  cylinder. 
On  the  inner  side  of  this  sheath,  and  half-way  between  two  nodes, 
a  nucleus  is  found.  The  sheath  of  Scliwann  extends  almost  to  the 
terminal  filaments  of  the  axone,  covering  them  for  a  little  distance 
after  they  have  lost  the  myelin  sheath.  By  appropriate  staining  fine 
lines  may  be  shown  j)assing  between  the  outer  and  inner  layers  of 
protoplasni  through  the  myelin  sheath;  the  so-called  incisures  of 
Schmitt-Lanterinanii.  These  have  been  considered  little  trabecular 
of  the  protoplasm  within  the  segment,  in  the  midst  of  which  the 
myelin  lies.  Recent  staining  methods  seem  to  indicate  that  they 
belong  to  the  sheath  of  Schwann  and  are  cuiuiective  tissue.  The 
layer  of  protoplasm  lying  against  the  axis  cylinder  is  the  layer 
which  was  formerly  described  as  the  sheath  of  Mauthner.  Some 
authorities  consider  that  a  layer  of  connective  tissue  similar  to  the 
sheath  of  Schwann  surrtmnds  the  axis  cylinder,  but  this  is  still  uncer- 
tain.    Two  views  of  its  relations  are  shown  in  Fig.  9. 

Thus  the  nerve  fibre  consists  of  a  central  conducting  strand  sur- 
rounded and  insulated  by  a  series  of  cylinders  jjiaced  end  to  end  and 
joined  to  one  another. 

Nerves,  Individual  nen^e  fibres  are  associated  in  Imndles  held 
together  by  fine  connective-tissue  cells  whose  nuclei  in  a  carmine  or 

Fig-  10, 
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Croaa-flectlon  of  a  nerve.  Allowing  flte  bundlee  of  n«TTe  fibre*. 


fuchsin-stained  preparation  can  be  seen  lying  always  adjacent  to, 
but  outside  of,  the  sheath  of  Schwann,    This  has  been  called  the 
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endoneuriuni,  while   the  connective-tissue  sheath  surrounding  the 

entire  bundle  is  nametl  the  perineurium.  The  connective  tissue 
holding  nuiiieroui?  bundles  to^^ethcT  is  called  the  epineuriuni,  and 
this  forms  the  firm,  glLstening  sheath  of  the  nerve,  Cajjillary  vessels  i 
vdXh  free  anastomoH**s  run  witliin  tlie  nerve,  their  walls  lying  adjacent 
to  the  inflividual  fibres,  and  thus  affording  a  perfect  nutrition. 
Lymph  spaces  also  have  been  demonstrated  witliin  the  nerve  sheath, 
but  not  among  the  fibres.  That  the  interfibrillary  spaces  of  the 
endoneurium,  however,  open  into  these  perivascular  lymph  spaces 
is  proljable  frtim  the  fact  that  they  do  so  in  other  organs.  While 
it  is  e\ident  that  the  nutrition  of  the  axis  cylinder  is  derived  from 
the  circulatory  fluids,  it  is  probable  that  it  is  only  at  the  nodes  of 
Ranvier  that  the  absorption  takes  place,  since  elsewhere  the  myelin 
sheath  interferes  with  osmosis.  Thus,  if  the  nerve  l)e  put  in  nitrate 
of  silver,  it  is  only  oi>j>osite  the  nodes  that  the  axis  cylinder  Ijeeomes 
stained.  There  is  no  histological  difference  between  motor  and  sen- 
sory nerve  fibres, 

INJUEIES  OF  NEEVES. 

Nerves  tire  fret[uently  injured^  being  exposed  in  tliek  long  course. 
The  pathological  eff'ects  of  such  injury  and  the  s}Tnptoms  produced 
are  somewliat  different  from  those  due  to  neuritis.  Hence  they 
require  a  separate  consideration.  The  pathological  effects  of  injuries 
to  nerves  have  been  ascertained  very  hu^gely  from  experimental 
division  in  animals,  but  tliere  is  every  reason  to  believe  that  the 
process  in  man  is  identical  with  that  in  animals.  These  effects  are 
still  a  matter  of  controversy,  diffei^nt  observ^ers  having  seen  different 
appearances. 

After  division  of  a  nerve  trunk  a  process  of  degeneration  sets  in 
at  the  point  of  injury  anrl  involves  a  small  portion  of  the  central 
end,  anil  the  entire  jjeriiOieral  part  of  the  nerve»  from  the  seat  of 
injury  onward.  This  proi-ess  may  be  mc^re  or  less  comf>lete,  and 
may  or  may  not  be  ftiUowed  by  a  secontl  process  of  regeneration  in 
the  injured  nerve.  It  is  necessary  to  distinguish  between  the  degen- 
erative and  regenerative  processes. 

The  Process  of  Degeaeration.  When  a  nerve  is  compressed  by 
a  ligature  or  forceps  without  sufficient  force  to  rupture  the  sheath 
of  Schwann,  the  myelin  is  diiven  away  from  the  point  of  pressure 
in  both  directions  and  the  axis  cylinder  is  tlisintegrated  and  mingled 
mth  it.  It  might  be  supposed  that  the  nodes  of  Ranvier  would 
prevent  such  a  driving  liack  of  the  myelin,  but  they  seem  to  offer 
but  feeljlp  resistance*  so  that  the  entire  fibre  on  either  side  of  the 
compressed  spot  is  bulged  out  for  some  little  distance,  the  sheath 
of  Schwann  between  the  distended  portitms  being  left  em|>ty  or  con- 
taining only  a  little  gramilar  del>ris.  If  the  sheath  of  Schwann  is 
ruptured  or  is  cut  through  the  myelin  exudes  in  little  drops,  which 
are  mingled  with  the  debris  of  the  axis  cylinder.     In  a  short  time 
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chftnges  of  a  t lege ne rati ve  ehiiructer  arc  observed  in  the  nerv^e  ou 
both  sides  of  the  point  of  eompreKsion  or  division.  Those  on  the 
central  side  are  limited  tn  tlie  immediate  neighborhood  of  the  injured 
spot,  and,  according  to  Haiivier/  do  not  alTect  the  nerve  for  a  dis- 
tance greater  than  a  centimetre  from  the  p<»int  of  compression. 
Recent  investigators »  however,  find  ceTtain  minor  grades  of  degen- 
eration throughout  its  entu'e  length  up  tu  the  neurone  body.  On  the 
peripheral  side  of  the  point  of  pressure  thp  dt^generation  is  complete, 
involving  the  entire  nerve  down  to  its  finest  terminations.  The 
process  begins  at  once  in  the  entire  length  of  the  nervT.  The  first 
change  noticed  is  a  breaking  up  of  the  myelin  sheath  into  segments, 
and  then  into  smaller  masses  and  drops  (Fig.  11),  winch  finally 

Fig.  IK 


Lion  or  a  tterve  teven  days  alter  injury.    The  upper  Pfu'elmeti  is  a  noTToal  nerve ;  the 
lower  i%  flegenemted.    Osmtc  add  §taiu. 

undergo  further  disintegration,  either  by  a  fatty  or  albuminoid 
degeneration  or  by  a  process  of  saponification,  until  a  finely  granular 
mass  alone  remains.  Hence  the  contour  of  the  fibre  becomes  irregu- 
lar, the  sheath  r>f  Schwann  bulging  at  places  \\ith  the  fatty  mass 
and  at  other  places  being  collapsed  and  empty.     Tizzoni*  states  that 


^   Lo^nA  siir  riibt^logie  du  syst^me  oervetix.  tome  i.  p.  116* 
'  Arch.  f.  paUiol.  Anat,,  xviii.,  18S4J. 
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this  process  is  i>artly  due  to  the  activity  of  niigraton^  white  blood 
cells,  a  view  which  Ranvier  supports  and  which  Neumann*  and 
Mayer*  den3^  Rosenheim''  descril>es  certain  cells  which  he  calls  con- 
nective-tissue cells,  that  take  an  active  part  in  all  processes  of 
nen^e  inflammation,  and  it  is  possible  that  these  are  the  bodies  that 
Tizzoni  considered  leucocytes.  Ranvier  holds  that  the  segmentation 
of  the  myelin  is  due  to  the  increavse  of  the  protoplasm  about  the 
nucleus  of  the  segment,  and  that  it  is  this  |irot<)j>!asni  that  replaces 
the  myelin,  Neumann  holds  that  the  gramilar  mass  resulting  from 
the  disintegration  is  not  iirt^toplasmic,  Imt  is  a  d^-liris  capable  of 
acting  as  the  basis  for  processes  of  regeneration  after  undergoing  a 
chemical  change.  All  authorities  admit  that  the  graimlar  mass  may 
be  gradually  absorlied,  leaving  the  sheath  of  Schwann  collapsed  and 
empty,  or  containing  only  granules  of  dt'^ln-is.     (Fig.  12.) 


Fjg.  12, 


Degeneration  of  a  nerve  fourteen  days  aiter  injury,    Oemio  add  Btaliu  tlie  f«tty  <i«5brls  of  the 
medullary  shimth  blfbok. 

As  the  myelin  undergoes  these  changes  the  axis  cylinder  usually 
becomes  involved.     Some  authors,  it  is  true,  believe  that  it  remains 

J  ZeiUch.  I.  Hdlkunde,  ii.,  18S0.  »  Deut,  Zeitijch.  L  ChinirKie.  xviu.  u.  six.,  1883. 

»  OeutralbL  L  d.  med,  Wbsen.,  1878,  Xr,  13, 
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intact  and  that,  altliough  tleprivod  of  its  function,  it  is  capable  of 
resumiog  that  function  at  any  time  when  regeneration  of  the  nayeliu 
sheath  has  taken  f>lace.  Such  authorities  as  Weir  Mitchell*  and 
Wolberg^  have  given  their  ai>provaI  to  ttiis  view.  It  k  probably  true 
for  the  very  mild  cases,  but  not  for  severe  ones.  Ranvier  believes 
that  the  protoplasm  of  the  nucleus  attacks  and  destroys  the  axis 
cylinder  as  well  as  the  myelin.  Neumann  and  Mayer  hold  that  it 
is  split  up  into  segments  like  the  myelin,  Ijecoraes  mingled  with  it, 
and  undergoes  the  same  process  of  chemical  change  and  absorption. 
The  sheath  of  Schwann  also  takes  part  in  the  process  of  degen- 
eration. When  that  jirocess  has  fairly  liegun  numerous  nuclei  are 
observ^ed  lining  this  sheath  in  each  interannular  segment.  They  may 
have  come  by  a  process  of  segmentati<in  from  the  original  nucleus 
of  the  segment,  as  Ranvier  holds.  But  Neumann  and  Mayer  have 
shown  that  they  appear  as  early  at  the  extremities  of  the  segment 
as  they  do  in  the  vicinity  of  the  nucleus,  and  therefore  consider 
them  a  new  formation  originating  in  tlie  granular  or  protoplasmic 
mass.  Tizzoni  thinks  them  emigrated  corpuscles;  wliile  Rosenheim 
holds  that  they  come  from  the  connective-tissue  cells  along  the 
sheath,  which  divide  and  nmltiply  and  show  powers  of  emigration 
aa  soon  as  the  pro(*ess  of  degeneration  begins,  \\'hen  the  granular 
mass  is  absorbed  these  nuclei  remain  scattered  along  the  sheath  of 
Schwann;  and  it  has  been  suggested  that,  when  in  an  empty  sheath 
a  new  axis  cylinder  appears,  it  o%ves  its  existence  to  these  nuclei 
which  arrange  themselves  in  a  line  and  develop  int^  the  new  fibre 
(Wolberg).  This  view,  however,  has  not  met  with  general  accept- 
ance, though  recently  urged  by  Ballance  and  Stewart.^  If  no  regen- 
eration occurs  they  chsap|>par  gradually,  and  then  the  only  relic  of 
the  former  nerve  fibre  is  the  emi^ty^  collapsed  sheath  of  Schwann, 
which  remains  as  a  connective-tissue  strand 

The  increase  of  imclei  and  connective-tissue  fibrils  in  the  endo- 
neurium  and  i^erineuriuin  which  accompanies  the  process  of  degenera- 
tion, aids  in  the  transformation  of  the  nerve  into  a  band  of  connective 
tissue,    (Fig.  13.) 

The  degeneration  that  affects  the  nerv^e  is  continued  to  the  ter- 
minal plates  upon  the  miLscle.  These  are  changed  into  masses  of  gran- 
ules and  are  finally  absortved,  connective-tissue  plates  being  left.* 
Whether  any  changes  occur  in  the  sensory  terminal  organs,  such  as 

.the  tactile  corpuscles  or  terminal  bulbs,  has  never  been  ascertained. 

'Those  who  l>elieve  that  the  individual  axis-cylinder  fibrils  terminate 
in  the  epithelium  of  the  skin  cite  the  trophic  changes  that  oftc^n 
occur  on  the  surface  as  evidence  that  this  covering  of  the  body  shares 
in  the  nerve  changes,  Tlie  process  of  degeneration  is  complete  in 
about  two  weeks  aifter  the  injury. 


»  Injuries  of  Nerves,  1872.  *  Arch.  f.  Psych,,  Bd.  xvu.  820. 

»  The  HeaHng  of  Ner>'eB,     Maclklillan  Co.,  1902. 

*  GcoBler.     Die  motoriflclie  Endplatte  und  ihre  Bedeutunx  f^T  die  periphery  Lahmus^. 
I-i^«lg,  1886.  -e  ^      ^  -* 


CraaHMcUoQ  of  &n  iitnar  Derve  tn  h  stitte  uf  dcgetieratioti.    The  biiudles  of  nerves  on  the  left 
side  lire  t'ompletely  deKeotjraled 

nen-e  fibrea  is  possible,  and  un<Ier  all  circuinstanees  the  degenerative 
process  already  de8cril>ecl  goes  on  to  completion.  Gluck/  however, 
clainiB  to  have  observed  an  actual  union  of  the  two  ends,  with  re- 
establishment  of  function,  at  a  time  too  early  to  have  admitted  the 
occurrences  of  degeneration  and  regeneration  when  less  than  one 
centimetre  of  the  nerve  is  removed:  and  Wolberg  and  Bowlby/ 
approaching  the  subject  from  the  surgical  side  and  coiLsidering  the 
results  of  nerve  suture,  incline  to  the  same  view.     All  surgeons 


1  Virchow's  Arch.,  1878.     Report  of  Siu^gicul  Congress  »t  BerEn,  1&80. 
»  Bowiby,   Injuries  of  Nervea,  18d6. 
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believe  that  function  may  he  rapidly  resumed  after  suture  of  freshly 
divided  nerves,  and  rapid  restoration  of  seiL-^ation,  aUsence  of  wasting, 
and  retention  of  muscular  contract ility  may  be  taken,  according  to 
Bowl  by,  as  certain  proof  of  restoration  of  eoiiUmiity  of  a  divided 
nerve.  It  seems  probable  that  under  flifferent  circumstances  dif- 
^Jerent  processes  occur.  It  is  undoubtedly  true  that  in  some  cases 
Ihe  degenerative  process,  so  graiihically  pictured  Ijv  Hanvier  goes  on, 
from  the  beginning  segmentation  of  the  myelin  down  to  the  final 
result  in  the  connective-tissue  strand,  the  relic  of  the  enipty  sheath 
of  Schwann;  while,  in  other  cases  of  a  less  serious  nature,  the 
destruction  is  less  complete  and  there  remains  a  fibre  consisting  of 
a  sheath  of  Schwann,  containing  a  granular  mass  which  may  be 
either  an  axis  cylinder  or  a  mass  eapal>le  of  developing  into  an  axis 
cylinder  under  favorable  circumstances.  If  this  is  the  case  we  can 
aflirni  that  brilUant  surgical  successes,  with  rapid  restoration  of  nerve 
function  after  suture,  are  poasible  when  only  partial  degeneration  is 
present,  but  are  impossible  when  total  and  extensive  destruction  of 
tin*  nerve  fibre  has  occmTCtl. 

Tbe  Process  of  Regeneration.  After  the  process  of  degeneration 
has  gone  on  for  some  time  in  the  nerve  fibre  it  ceases,  and  the 
|>rocess  of  regeneration  begins.  This  may  commence  about  t%vo 
weeks  after  an  injury  or  experimental  section.  With  regard  to  the 
method  of  this  process  two  chvergent  views  are  held.  Riinvier  and 
his  followers  affirm  that  the  new  nerve*  is  wholly  a  product  of  the 
central  end  of  the  injured  nerve,  growing  out  from  it  and  making 
its  way  along  the  track  of  the  i_>eripheral  end,  which  takes  no  active 
part  in  the  process.  Neumann  an<l  Mayer,  and  more  recently  Bal- 
lance  and  Stewart,  have  affirined,  on  the  contrary,  that  the  regen- 
eration goes  on  in  the  peripheral  end  of  the  cut  nerve,  segment  by 
segment  being  formed  successively  or  simultaneously,  the  new  nerv^e 
being  built  up  by  the  union  of  each  lUstal  segment  with  the  one 
lying  centrally  to  it,  until  the  process  is  complete.  These  various 
views  demand  a  more  exact  statement. 

Ranvier  describes  several  ways  in  which  the  new  fibres  issue  from 
the  central  end.  He  has  seen  the  central  end  of  an  indivitlual  nerv^e 
fibre  become  hypertrophied,  and  from  this  swollen  part  a  single  new 
fibre  start  out  already  niedulhited  and  grow  onward  into  the  old 
sheath,  which  it  follows  <!own  until  it  readies  its  end.  He  has  also 
seen  a  single  axis  cylinder  grow  out  and  then  divide  into  two,  or 
even  more,  axis  cylinders,  each  of  which  tlevelops  into  a  complete 
medullat^d  nerv^e.  Such  a  division  of  one  axone  into  several  is 
wholly  at  variance  with  the  neurone  theory  and  is  questionable  on 
that  account.  By  the  aid  of  the  nerve  callus  or  cicatricial  tissue, 
that  usually  joins  the  central  end  with  the  degenerated  peripheral 
end,  the  new  fibres  are  directetl  outward  toward  the  periphery.  And 
when  they  reach  the  fjeripheral  end  of  the  cut  nerv^e  they  insinuate 
themselves  into  the  old  remaining  sheaths  of  Schwann  or  between 
those  sheaths,  and  grow  on  and  outward  until  at  last  they  reach  the 
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termmation  of  the  peripheral  entU  and  the  regeneration  is  complete. 
The  terminal  j)!ates  upon  the  rnuseles  are  renewed  by  a  reproduction 
of  protopUism  in  the  plate.  The  process  thus  described  is  in  accord- 
ance with  tlie  process  of  original  development  of  nerve  fibres  from 
nerv^e  cells  in  embryonal  life. 

The  description  ^ven  by  Neumann  and  Mayer  is  ver}"  different. 
It  w^U  be  remembered  that  they  describe,  as  a  result  of  the  process 
of  degeneration,  a  band  of  fibres  each  consisting  of  a  sheath  of 
Schwann  containing  a  granular  niiiss.  They  hold  that  the  process 
of  regeneration  begins  in  this  mass.  Within  it  they  have  seen  a 
narrow^  band  of  fine  liomogeneous  substance  appear^  which  has  the 
structure  of  a  rudimentary  axis  cylinder.  This  does  not  fill  the 
Bheath  of  Schwann  and  is  oft^n  pressed  aside  by  the  nuclei  which 
lie  in  that  sheath.  It  is  not  at  first  continuous  with  the  end  of 
the  old  axis  cyUnder,  remaining  in  the  central  part  of  tlie  com- 
pressed or  di\dded  segment,  but  as  it  increases  in  definite  structure 
it  approaches  this  old  axis  cylinder,  and  finally  unites  with  it. 
At  the  point  of  union  a  ring  of  Ran\der  is  formed.  As  this 
axis  cylinder  develops  a  substance  is  gradually  formed  around 
it,  which  is  stained  by  osmic  atnd.  This  increases  in  thickness 
as  the  protoplasmic  mass  and  the  nuclei  diminish,  until  it  finally 
forms  a  new  myelin  sheath.  The  new  myelin  sheath  is  never  con- 
tinuous with  the  old  one  in  the  central  end  of  the  nerve,  since 
it  is  separatetl  from  that  by  the  ring  of  Ranvier ;  but  often  at  first 
the  old  sheath  seems  to  bulge  out  and  encircle  the  new^  sheath, 
though  this  appearance  is  never  permanent.  At  the  point  of  union 
of  the  new  fibre  with  the  old  one  nuclei  are  often  found;  but 
these,  like  the  others,  gra<iually  tlisappear.  Lastly,  a  new  sheath 
of  Schwann  is  produced  around  the  new  myelin  sheath  and  within 
the  oki  sheath  of  SchwaniL  It  presses  aside  the  old  sheath,  together 
mth  such  masses  of  protoplasm,  drops  of  myelin  and  nuclei  as  may 
remain,  lea\ing  them  thus  wholly  outside  ul  the  new-made  fibre,  so 
that  they  coalesce  with  and  make  part,  of  the  endoneurium.  The 
new  sheath  of  Schwann  has  but  one  nucleus  in  each  segment  and 
present^s  the  nodes  of  Ranvier  at  regular  intervals. 

Neumann  has  shown  that  this  process  goes  on  in  every  individual 
segment  of  tlie  nerve  sheath»  so  that  in  segment  by  segment,  pro- 
ceeding toward  the  periphery,  the  regenerative  changes  occur,  and 
as  each  segment  ai^ijroaehes  completion  it  joins  itself  to  the  pre- 
ceding one,  until  finally  the  nerve  is  re-establislicd  in  its  entire 
length.  As  the  degenerative  process  begins  in  the  segment  nearest 
to  the  point  of  compression,  so  does  the  process  of  regeneration, 
and  in  some  nerx^es  the  two  processes  may  Ije  seen  going  on  to- 
gether, the  segments  near  the  seat  of  injury  Ijeing  renewed,  while 
those  at  the  periphery  are  still  in  a  process  of  degeneration.  The 
new  fibres  do  not  grow  out  from  the  old  ones,  as  Ranvier  describes 
in  the  regeneration  of  cut  fibres,  but  protoplasm,  with  specific 
developmental  properties,  forms  and  differentiates  the  elements  of 
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tie  new  fibre  and  then  unites  it  to  the  old  one.  The  new  fibres  are 
at  first  somewhat  smaller  in  cahbre  than  the  old  ones,  but  they 
gradually  attain  a  normal  size,  and  then  the  process  may  be  said 
to  be  completed. 

While  Neumann  would  have  the  new  fil)res  develop  from  the 
granular  mass  remaining  in  the  old  sheath  of  Schwann^  Gunther^ 
Hjelt,  Wolberg,  Weir  Mitchell,  and  Ballanee  and  Stewart  agree  that 
they  may  originate  from  the  nuclei  of  the  old  sheath,  or  even  from 
oonnective-tissue  cells  and  neurilemma  nuclei  remaining  in  the  con- 
nective-tissue strand.  The  most  important  evitlence  of  such  regen- 
eration is  offered  by  Bowlby.^  In  three  causes  of  di\ision  of  nerves 
in  wliich  union  was  attempted  by  operation  some  months  after  the 
injury;,  he  found  regenerating  nerves  in  the  peripheral  portion,  Tliere 
were  new  fine  fibres  much  smaller  than  natural »  and  in  some  the 
myelin  sheath  was  scarcely  perceptible.  In  some,  however,  the 
myelin  sheath  was  fully  developed,  including  the  nodes  of  Ran\der. 
The  origin  of  these  new  fibres  was  clearly  from  nuclei  which  seemed 
to  be  identical  with  the  nuclei  of  the  sheath  of  Schwann.  These  had 
arranged  themselves  in  bundles  with  their  long  axis  parallel  to  that 
of  the  nerve  trunk.  Then  the  nuclei  had  elongated  and  finally  been 
transformed  into  fibres  around  which  subsequently  a  myelin  sheath 
was  formed.  A  similar  process  has  been  fully  described  by  Ballanee 
and  Stew^art, 

It  is  evident,  therefore,  that  the  process  of  regeneration  varies  in 
different  conilitions  according  to  the  exact  stage  of  degeneration 
reached  before  it  begins.  If  the  final  product  of  degeneration  is  a  band 
of  simple  connective  tissue,  it  seems  probable  that  the  nerve  fibrewill 
have  to  grow  into  it  from  a  central  origin,  as  in  its  original  develop- 
ment in  if  octal  life.  If,  however  the  connective-tissue  cells  recently 
discovered  are  neuroplastic  cells  and  have  the  power  of  producing 
new  nen'cs,  just  as  cells  of  periosteum  may  produce  a  new^  bone, 
and  if,  when  degeneration  ceases,  there  retnains  a  sheath  of  Schwann 
containing  a  granular  protoplasmic  mass,  it  is  not  at  all  improbable 
that  that  mass  may  be  differentiated  into  an  axis  cylinder  and  a 
medullary  sheath  and  joined  to  the  old  nerve  fibre^ — a  process  which 
has  its  analogy  in  the  medullation  of  nerves  in  the  enil>ryorial  state. 
If  we  admit,  with  Wollierg,  that  in  some  cases  the  axis  cylinder  is 
not  destroj'ed,  the  formation  of  new  myelin  is  a  rapid  matter.  That 
some  such  process  as  the  one  described  by  Bowlby  and  Stewart-  must 
occur  in  many  cases  is  certain,  when  the  rapid  recovery  after  minor 
injin-ies  is  considered  and  when  the  results  of  nerve  suture  are  taken 
into  account,  for  in  both  these  conditions  the  return  of  function 
occurs  long  before  a  new  nervT  fibre  starting  out  from  the  old  one 
eould  have  reached  the  periphery. 

It  is  affirmed  by  Mayer  that  indi\ddual  nerve  fibres  in  normal 
nerves  are  constantly  undergoing  these  processes  of  degeneration  and 
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regeneration*  eitlier  because  the  necessary  renewal  of  worn-out  tissue 
takes  ]jlaee  in  this  manner^  or  bceause  slight  injuries  from  pressure 
or  overstrain  are  sufBcient  to  start  up  degeneration  in  single  fibres. 
Such  changes  are  more  apjiarent  in  ohl  age  than  in  youth,  and  in 
cachectic  conditions  than  in  healthy  states.  In  all  persons  dying  of 
infectious  diseases  they  can  be  found  well  marked. 

The  i)Tocess  of  degeneration  in  the  nerves  consequent  upon  the 
destruction  of  the  ganghon  cells  from  which  they  arise— the  so-called 
Wallerian  degeneratitm^ which  is  best  seen  in  cases  of  anterior  polio- 
myelitis, differs  in  no  resjject  from  that  ensuing  upon  compression 
or  division. 

FEUEITIS, 

A  nerve  may  be  inflamed  in  a  short  jKnlion  of  its  course — locahzed 
neuritis ;  or  it  may  l>e  aflected  at  many  different  parts — disseminated 
neuritis:  or  it  may  be  disea^setl  in  its  entire  length — general  neuritis. 
The  process  may  be  describeti  as  ascending  or  tlescencUng,  according 
to  the  direction  in  which  the  disease  makes  progress.  Even  when 
the  lesioo  is  a  strictly  local  one,  Mmited  to  a  short  portion  of  a  ner^^e, 
extensive  secondary  changes  occur  from  the  part  affected  outward; 
and,  as  these  maj^  involve  the  entire  length  of  the  nerve,  regeneration 
and  rejiair  may  require  a  much  longer  time  than  is  taken  by  the 
healing  of  the  original  lesion.  General  constitutional  states  may 
prodnce  a  simultaneous  neuritis  in  many  nerves — ^multiple  neuritis 
— ^and  as  this  condition  de\'eh)ps  usually  in  the  distal  parts  of  the 
nerves,  it  is  often  termed  |>erii)lieral  neuritis.  Neuritis  may  also 
occur  secon<]arily  to  inflammatory  changes  in  other  parts,  as  with 
periostitis  or  abscesses.  Sypliilitic  dej)osits  in  the  nerves,  tubercles 
in  the  nerves,  cancer  or  f>ther  neoplasms  along  the  nerves  may 
cause  a  proliferation  of  the  connective-tissue  elements  or  a  true  dif- 
fuse inflammation. 

Pathology.  A  nerve  which  is  inflamed  is  red  and  swollen,  is 
lacking  in  its  natural  surface  lustre,  antl  is  no  longer  firm  and 
smooth  to  the  touch.  Its  vessels  are  congested  and  there  may  be 
hemorrhages  within  its  sheath.  If  the  process  has  been  in  progress 
for  some  time  there  may  be  bulbous  swellings  on  the  nerve  the  result 
of  CO imective-t issue  infiltration,  or  the  nerve  may  be  markedly 
atrophied.  Such  bulbous  thickenings  are  very  common  after  in- 
juries and  always  occur  aft^er  a  division  of  a  nerve  on  the  central 
end,  A  section  of  the  nerve  viewed  by  the  microscope  shows  a 
distention  of  the  vessels,  an  infiltration  of  emloneurium  wdth  small 
cells,  and  a  thickening  of  the  connective-tissue  elements. 

The  microscopic  changes  are  similar  to  those  produced  by  injuries 
of  the  nerves.  Yet  it  is  possible  to  thstinguish  between  cases  in 
which  the  lesions  are  chiefly  linnted  to  the  axone  and  medullary 
sheath— the  parenchjanatoiLs  ftirm  of  neuritis,  and  cases  in  which  the 
lesion  affects  more  especially  the  connective  tissue  about  tlie  fine 
fibres  and  the  endoneurium  and  perineurium^the  interstitial  form  of 
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neuritis.     In  the  latter  the  lilooci vessels  and  hnnphatics  take  a  more 
active  part  in  the  inHaminatory  changes. 

In  parenchymatous  !ieiiritis  at  the  outset  the  myelin  sheath 
ajjpears  slightly  swollen,  is  less  homogeneous,  and,  from  a  ihfference 
of  refractive  power,  is  less  translucent.  It  then  l>ecoines  sjilit  up 
into  segments  of  lUfferent  length  and  form,  the  segmentation  occur- 
ring preferably  at  the  incisures  of  Schniitt,  while  the  incisures  at 
other  parts  disappear.  Between  these  segments  of  myehn  a  finely 
granular  protoplasm  is  seen  in  which  new  nuclei  are  found.  In 
some  fibres  the  axis  cylinder  may  still  be  preserved.  In  others  it 
is  broken  at  the  same  places  as  the  myehn. 

At  the  next  stage  of  the  process  the  changes  are  more  marked. 
The  myelin  is  now  reduced  to  a  series  of  small  globules  surrounded 
everjnA'here  Ijy  granular  jirotoijlasm,  and  in  this  protoplasm  the 
nuclei  are  now  very  numerous.  The  axone  cannot  be  dLstinguished 
in  the  mass,  as  a  rule,  but  occasionally  a  fine  Une  is  seen  passing 
through  the  mass,  w^hich  may  be  a  remaining  axone,     {See  Fig.  12.) 

The  succeeding  stage  presents  a  different  picture,  Wliile  up  to 
this  time  the  size  of  the  nerve  fibre  has  remained  about  normal  and 
imiform,  it  is  now  seen  to  vary.  At  places  the  fibre  is  still  wide 
and  filled  with  a  granular  mass;  at  other  places  it  is  narrow,  the 
mass  having  disappeared,  leaving  either  a  collapsed  sheath  or  a 
sheath  containing  only  nuclei  here  and  there.  In  a  few  such  narrow 
fibres  there  seems  to  be  an  axone  lyin^  directly  within  the  sheath 
of  Schwann,  and  occasionally  separated  from  it  at  various  places  by 
nuclei;  but,  as  a  rule^  no  trace  of  tlie  axone  remains.  As  any  single 
fibre  may  show  constrictions  at  sojne  places,  dilatations  at  others, 
the  variation  in  its  calil)re  is  the  most  striking  feature  of  this  stage. 
In  the  terminal  stage  the  calibre  is  uniform  again,  but  is  now^  every- 
where reduced.  The  sheath  of  Schwann  is  empty  or  contains  only 
a  little  granular  substance  and  the  nuclei  are  now  less  numerous  than 
before.  There  is,  in  fact,  only  an  atro|(hied  tube  with  none  of  its 
original  contents.  These  tubes  lying  side  by  side  are  folded  and 
undulating,  and  appear  like  a  strand  of  connective  tissue. 

These  various  stages  of  parench>nnatous  inflammation  are  to  be 
seen  in  different  fibres  in  the  same  specimen.  They  are  present  not 
only  at  the  seat  of  inflanunation,  but  they  are  present  from  this 
point  onward  to  the  end  of  the  nerve,  constituting  the  change 
known  as  secondarj^  degeneration.  Their  appearance  is  iden- 
tical with  that  oliserved  in  the  course  of  degeneration  of  a  nerve 
after  compression  or  after  destruction  of  the  neurone  body  in  the 
spinal  cord»  as  in  anterior  poliomyelitis.  This  had  led  such  an  accu- 
rate observ-er  as  Erb*  to  advance  the  hypothesis  that  in  cases  of 
multiple  neuritis  due  to  toxic  agents  some  slight  changes  in  cells  in 
the  spinal  cord,  not  visible  to  the  microscope,  are  present  primarily, 
And  that  tlie  changes  in  the  nerves  are  secondary,  the  nutrient  pnwer 
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of  the  cell  being  incapable  of  supporting  the  entire  axone,  which  thus 
shows  changes  in  its  most  distal  part.  It  has  lately  been  shown  by- 
means  of  the  Nissl  stain  that  after  any  nerve  lesion  in  the  periphery 
a  change  occurs  in  the  entire  length  of  the  axone  and  also  in  the 
central  cell  body,  of  which  that  nerve  is  the  axone,  (See  Plate  I.,  G,) 
This  change  is  a  degeneration;  but  at  tlie  end  of  a  month  it  becomes 
stationary,  and  then  gradually  the  cell  body  regains  its  original 
appearance,  even  though  the  axone  may  remain  degenerated.  Such 
cell  change,  therefore,  is  not  necessarily  the  primary  condition  in 
neuritis,  Striirapell  urges  that  parcnchjTnatous  neuritis  has  its 
parallel  in  other  parenchymatous  inflammations,  and  therefore  does 
not  need  to  be  traced  to  any  primary  affection  in  the  cells;  and 
hence  Erb's  hypothesis  has  not  met  vnXh  general  acceptation. 

Interstitial  neui'itis  presents  a  different  appearance.  In  this  con- 
dition inspection  shows  the  nerv^e  to  be  congested,  swollen,  thicker 
than  normal,  and  lacking  in  lustre,  or  to  be  yellow  and  irregularly 
swollen  by  the  aecimmlation  of  pus  and  serum,  or  to  be  reduced  to 
a  mere  connective-tissue  strand.  Upon  te^ising  the  nerv^e  it  is  at 
once  evident  from  its  brittleness,  that  individual  fibres  are  lacking  in 
continuity  and  are  changed  in  structure;  and  if  it  is  examined  under 
the  microscope  the  exudation  of  serum  and  of  inflammatory  cor- 
puscles, the  great  increase  in  the  number  of  connective-tissue  nuclei, 
the  distended  condition  of  the  vessels,  as  well  as  the  various  appear- 
ances characteristic  of  nerve  degeneration,  are  clearly  seen.  The 
thickening  and  hyperplasia  of  endonemium  and  perineurium  fire  well 
marked  in  the  older  cases.  Here  the  inflammation  is  originally  an 
interstitial  inflammation,  though  later  it  becomes  a  diffuse  one.  It  is 
possilile  that  the  degenerative  processes  in  the  nerves  may  have  been 
due  to  the  compression  by  the  products  of  inflammation  exuded 
mthin  the  nerve  sheath.  In  one  or  two  cases  where  the  patient 
died  early  in  the  disease  the  nerve  fibres  which  lay  near  the  vessels 
were  affected  to  a  greater  degree  than  those  lying  deeper,  and  from 
this  fact  it  was  concluded  that  their  degeneration  was  secondary. 
In  other  cases,  however,  all  the  fibres  in  a  bundle  were  equally  involved. 
It  is  probable  that  in  some  cases  the  inflammation  is  diffuse  from 
the  outset,  parenchyma  and  interstitial  tissue  being  affected  simul- 
taneol1sl}^  One  marked  feature  in  these  cases  is  the  large  amount 
of  fatty  deposit  found  in  the  altered  nerves,  as  shown  by  the  Marchi 
stain.  This  is  to  be  ascribed  to  the  fact  that  myelin  in  undergoing 
degeneration  breaks  down  into  globules  and  undergoes  a  fatty 
change.  It  is  itself  allied  to  fat,  and  making  up,  as  it  does,  a  large 
part  of  the  bulk  of  the  fibre,  it  would  be  noticeable  in  the  product 
of  degeneration  if  it  were  not  absorbed.  Sometimes  the  absorption 
eeems  to  be  interfered  with  by  the  vascular  condition,  and  hence  the 
residual  amount  of  fat  is  increased.     (See  Fig.  11.) 

One  additional  pathological  form  must  be  mentioned,  since  it  has 
been  described  by  such  a  careful  observer  as  Gombault.'    It  is  the 

>  Archives  do  Pliyv*^  1873,  p.  502;  also  Arch,  de  Neurol,  i.  I. 
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so-called  segmental  periaxillary  neuritis.  In  toxic  neuritis  from  lead 
and  alcohol  poisoning,  Gombault  found  that  the  degenerative  pro- 
cess was  not  imiform  in  the  entire  length  of  the  nerve  fibre.  On  the 
contrary,  entirely  normal  segments  alternated  with  the  degenerated 
segments  in  the  nerve.  Mayer  has  noticed  a  somewhat  similar  con- 
dition, and  it  has  been  described  as  occurring  in  senility.  The 
changes  aheady  described  take  place  in  the  myelin  sheath  of  the 
affected  segment,  even  to  its  entire  absorption,  leaving  the  axis 
cylinder  in  the  sheath  of  Schwann;  but,  as  the  adjacent  segments 
are  not  involved,  regeneration  is  thought  to  be  more  easily  accom- 
plished. Pitres  and  Vaillard^  have  noticed  a  somewhat  similar  con- 
dition in  the  neuritis  occurring  after  diphtheria,  although  in  their 
case  the  axis  cylinder  as  well  as  the  myelin  sheath  was  totally  de- 
stroyed in  many  segments. 

Occasionally  a  simple  atrophy  of  nerve  fibre  has  been  observed; 
a  mere  gradual  reduction  of  all  the  elements  without  any  degenera- 
tive process. 

While  it  is,  of  course,  impossible  to  describe  definitely  the  process 
of  regeneration  that  goes  on  after  neuritis,  there  is  no  reason  to 
suppose  that  it  differs  in  any  way  from  that  observed  in  experimental 
lesions.  The  time  required  for  the  completion  of  the  process  will 
depend  upon  the  severity  and  extent  of  the  degeneration.  When 
that  is  slight  the  recovery  may  be  rapid,  cases  having  been  reported 
where  a  total  restoration  of  function  took  place  in  two  months.  As 
a  rule,  however,  it  is  a  slow  process.  The  large  majority  of  the  cases 
require  over  six  months  for  the  complete  regeneration,  and  in  not  a 
few  cases  from  ten  to  sixteen  months  elapse  before  the  condition  of 
the  nerves  is  proved  to  be  normal  by  the  total  disappearance  of  all 
symptoms. 

*  De  la  n6vTite  segmentaire,  Arch,  de  Neurol,  xi.  337. 
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Sjrmptoms  of    Injuries  to  Nerv^cs  and  of  Neuritis.     Diagnosis.     Treatint-nt  of  Nervo 
Injuries  and  of  Neuritis.     Neuromata. 

Symptoms.  A  very  slight  pressure  upon  a  uerve,  of  short  dura- 
tion, may  cause  disagreeable  tingling  and  numbness  of  the  skin, 
which  is  felt  in  the  distribution  of  the  sensory  filaments  of  the  nerve. 
This  is  an  experience  common  t^  everyone  when  from  pressure  on 
the  sciatic  nerve  the  foot  is  said  to  be  asleep.  Such  sensations  of 
nmiibness  often  occur  in  the  arm  and  hand,  or  in  the  foot  and  leg 
at  night  dm-ing  sleep  and  wake  the  ])atient,  who  may  be  alarmed, 
and,  from  a  recurrence  of  the  symptoms,  anticipate  paralysis,  espe- 
cially if  the  numb  sensation  is  temponirily  attended  by  awkward 
naovements  or  by  a  feeling  of  weakness.  Inasmuch  as  the  relief  of 
the  pressiu-e  is  followed  by  a  rapid  recovery  from  the  symptoms  such 
sensations  are  of  no  importance.  They  are  due  to  a  slight  impair- 
ment of  nutrition  in  the  nerve  probably  conseijuent  u|)on  a  venous 
congestion,  for  a  similar  set  of  sensations  can  Ix*  caused  by  tying  a 
string  tightly  about  the  finger  or  wrist  and  causing  a  sta^sis  of  venous 
blood,  Some  persons  seem  to  he  esi)ecia!!y  subject  to  such  symp- 
toms. Such  a  condition  does  not  onlinarily  amount  to  a  neuritis,  but 
if  it  is  long  continued  it  may  produce  it,  as  is  seen  in  cases  of  mus- 
culospiral  palsy  from  sleeping  on  the  arm  in  a  state  of  intoxication. 

A  slight  general  numbness  of  all  the  fingers  in  Ijoth  hands,  and 
even  of  the  hands  and  wrists  as  well,  occasionally  oecui*s  in  attacks 
of  short  duration  or  may  become  permanent.  This  is  noticed  chiefly 
in  women  whose  hands  are  constantly  immersed  in  hot  water  or 
who  use  the  hands  continuously  for  hours  in  any  emi)loyment.  It 
has  been  called  acroparcEslheski^  It  is  due  to  a  slight  impairment 
of  nutrition  in  the  nerves,  ami  if  the  motor  as  well  as  the  sensory 
nerves  are  affected  it  is  attendee!  by  a  sense  of  weakness  and  lack 
of  skilL  Disturbances  of  circulation  are  sometimes  the  cause,  as  in 
numbness  from  pressure.  These  symptoms  are  variable  in  duration 
and  may  continue  if  the  cause  is  not  removed;  but  they  never  go  on 
to  any  serious  tlLsease,  and  hence  are  of  little  importance.  Rest  from 
work  and  massage  are  the  best  remedies. 

The  effect  of  an  injury  or  wound  of  a  nerve  or  [}lexiis  of  nerves 
is  immediate  pain  at  the  point  of  injury,  pain  or  disagreeable  scmsa- 

1  Dftna.  New  York  Medical  Rtcord,  Januarj'  20,  1891,  CoIUhb,  New  York  Medic* 
Eecord,  December  3,  1901 . 
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tions,  such  as  nmnlmess  or  {iriekling,  referred  to  the  regions  from 
which  the  sensory  filaments  in  the  injured  nerve  eorne,  antesthesia 
in  this  region  to  all  forms  of  sensation^  of  temijorary  or  permanent 
duration,  occasionally  attended  by  trophic  disturbances,  and  paral- 
yds  of  the  muscles  to  which  the  motor  filaments  in  the  injured  nerve 
pass.  The  paralysis  is  soon  followed  t>y  ii  loss  of  faradic  eontriictility 
in  the  muscle  and  by  a  loss  of  its  mechanical  excitability  to  per- 
cussioHf  and  later  by  a  progressive  atrophy  of  the  nmscle. 

At  the  point  of  injury  to  the  nerve  the  symptoms  varj\  They 
differ  when  the  skin  is  unbroken,  when  the  ner\^e  is  exposed  to 
the  air,  and  when  the  wound  is  infeete<l.  In  tlie  iirst  case,  while 
there  may  be  slight  tenderness  to  pressure  there  may  be  no  spon- 
taneous pain.  Thus  in  a  case  of  bilateral  ulnar  paralysis  from  press- 
xire  exerted  on  the  nerves  of  the  arms  *  luring  a  long  surgical  opera- 
tion, where  the  arms  hung  over  the  si*Ies  of  tlie  operating  table  for 
an  hour  and  their  weight  against  the  sharp  edge  caused  the  injury, 
the  patient  had  no  pain  at  all  and  no  tenderness  at  the  point  of 
injll^J^  In  the  conunon  form  of  injurj^  to  the  museulospiral  nerve 
from  pressure  on  the  arm  by  the  head  during  the  heavy  sleep  of 
intoxication,  the  patient  wakes  with  wrist-drop,  but  has  no  pain. 
In  facial  palsy  there  is  rarely  pain  behind  the  ear.  Thus  where  the 
injury  is  prmluced  by  long<*ontinued  slow  pre.**sure  sufficient  to 
destroy  the  nutrition  of  a  nerve  there  may  be  nf>  pain.  On  the 
other  hand,  pressure  on  a  nerve  l)y  a  tumor  or  pressure  by  a  pregnant 
uterus  on  the  lumbar  and  sacral  [jlexus  may  give  rise  to  severe  pain, 
both  local  and  distal.  If  the  nerve  is  lacerated  suddenly,  as  by  a 
strain  or  a  blow  or  by  a  fracture  of  a  bone  tearing  it,  there  is  always 
severe  pain  at  the  point  of  injury,  and  this  pain  is  usually  much 
increiised  if  the  nerv^e  is  exposed  to  the  air  in  an  open  wound.  In 
these  cases  also  the  subsequent  connective-tissue  growth  and  thick- 
ening about  the  wountled  ends  is  tender  and  may  cause  great  pain^ 
the  &ner  filaments  becoming  entangled  in  the  scar  tissue. 

The  pain  after  injury  is  often  felt  not  only  at  the  point  of  injiu'y 
but  distally  in  the  entire  peripheral  distribution  of  the  nerve.  Thus 
in  a  case  of  ulnar  nerve  injury  occurring  with  a  fracture  at  the  elbow 
there  was  pain  of  an  agonizing  kind  in  the  inner  condyle  of  the 
humerus  and  also  severe  shooting  pains  down  the  imier  side  of  the 
forearm  and  into  the  hand  and  little  and  ring  fingers:  these  pains 
grew  worse  for  several  days  and  continuerl  for  many  weeks,  with 
intense  tenderness  in  the  entire  ulnar  nerve  distribution,  any  touch 
in  this  region  cau-sing  agony.  Ulcerations  of  the  skin  of  the  fingers 
and  hand  occnrrptl  lat^r  and  the  skin  became  glossy>  Tliis  condi- 
tion remained  stationar}'  until  by  operation  at  the  elKiow  the  nerve 
was  released  from  a  mass  of  callus,  ^ind  thus  was  freed  from  i>ressiu'e, 
when  all  the  symptoms  gradually  subsided  and  recovery  ensued. 

The  pain  and  tenderness  caused  by  an  injury  of  a  nei'\'e  are  not 
always  limited  to  tlie  distribution  of  that  nerve,  as  one  would  expect. 
Thus  in  a  case  where  a  perforating  u'ound  of  the  sole  of  the  foot  had 
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left  a  small  piece  of  rubber  nhoe  embedded  in  the  flesh  the  original 
injiu'y  was  slight,  the  wound  healed,  and  for  a  long  time  no  incon- 
venience was  felt;  but  four  years  later  pain  and  tenderness  began 
again  in  the  scar  and  extended  up  the  leg  and  tliigh  until  the  entire 
limb  became  painful^  hypersensitive,  and  useless  from  the  intense 
tenderness,  and  even  the  lower  spine  was  sensitive  and  painful 
These  symptoms  all  suljsided  rapidly  when,  by  operation,  the  piece 
of  rubber  was  removed.  It  w^is  found  to  be  surrounded  by  a  little 
mesh  of  fine  nerve  filaments  holding  it  hke  a  basket.  The  rapid 
recover}'  showed  that  there  was  no  true  ascending  neuritis,  as  had 
been  supposed.  In  such  cases  the  continued  local  pain  causes  a 
hypersensitive  state  of  the  central  organ  by  a  smnniation  of  itiipres- 
sions,  and  tliis  showi^  itself  by  a  general  pain.  In  many  cases  of 
neuritis  of  one  cord  of  the  brachial  plexus  the  pain  in  the  entire  arm 
renders  it  useless.  The  \mn  in  neuritis  is  increased  by  pressure  upon 
the  affected  nerve.  It  is  also  intensified  by  motion  of  the  limb, 
especially  if  this  causes  a  stretching  of  the  nerve* 

The  anaesthesia  following  injury  of  nerves  is  more  pronounced  and 
extensive  immediately  after  the  injury  than  it  is  later.  There  appear 
to  be  fine  anastomoses  of  the  sensory  filaments  of  nerves  in  the 
skin,  and  thus  sensations  ordinarily  conveyed  by  one  nerve  may,  If 
that  nerve  be  injured,  pass  by  adjacent  nerves.  Such  anastomoses 
seem  to  be  more  complete  in  s(ime  imhviduals  than  in  others, 
hence  in  two  patients  with  similar  injuries  the  anaesthesia  may  be 
different  ie  extent.  Thus  after  injury  of  the  musculosjiiral  nerve  it 
is  very  common  to  find  sensation  in  the  back  of  the  hand  near  the 
thumb  perfectly  restored  witliin  a  week,  while  the  \iTist-di'op  may 
last  some  months.  After  a  di\dsion  of  the  median  nerve  above  the 
WTist  I  ha\'e  seen  the  anaesthesia  progressively  diminish  in  the  hand 
long  before  the  union  of  the  ends  of  the  severed  nerve  had  restored 
the  muscular  power  in  the  flexors  of  the  fingers.  After  excision  of 
one  branch  of  tlie  trigeminal  nerve  for  neuralgia,  sensation  returns 
in  the  face  in  a  considerable  part  of  the  region  wliich  is  aniEsthetic 
immediately  after  the  operation ;  but  a  small  area  of  anaesthesia  is 
usually  left  as  a  permanent  result  of  injury  to  any  sensor>"  nerve, 
and  this  includes  analgesia  and  thermo-ana?sthesia.  A  loss  of  mus- 
cular sense  rarely,  if  ever,  follows  a  nerve  injur}'.  This  is  because 
many  different  sensations  combine  to  jiroduce  this  sense,  deep  and 
supei'ficial  nerv^es  from  muscles,  ligaments,  and  articular  surfaces  all 
conveying  impressions  wliich  are  co<jrdinated  in  the  spinal  cord 
before  being  sent  up  to  the  brain  and  appreciated  as  muscular 
sense. 

As  regeneration  occurs  in  the  injured  nerve  sensations  gradually 
return  in  the  pre\dously  insensitive  region,  but  at  first  all  sensations 
are  attended  by  an  abnormal  sense  of  tingling  or  numbness  which 
is  disagreeable.  This  tingling  or  numbness  is  often  perceived  during 
the  entire  course  of  the  tJisease.  It  is  then  due  to  irritation  in  the 
central  end  of  the  injured  nerve,  the  pathological  irritation  being 
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referred  erroneously  to  the  region  whence  the  irritated  filaments 
come.  Such  numbness  may  be  attended  by  pain  of  a  sharp,  shooting 
character,  and  in  some  sensory  nerves,  notably  the  trigeniiiuil  and 
Hciatie,  this  pain  may  be  the  most  important  symptom  of  neuritis 
from  pressure.  Thus  in  a  case  of  osteosarcoma  of  the  pelvis,  sciatic 
neuralgia,  supposedly  functional,  preceded  for  seven  months  all  other 
sjTnptoms.  In  a  case  of  osteoma  of  the  skull  near  the  optic  chiasm 
trigeminal  neuralgia  preceded  l>y  one  year  the  optic  atrophy  and 
other  sjanptoms.  ^\lien  septic  infection  occurs  in  the  injured  nerve 
this  pain  is  more  intense  than  under  other  circumstances,  and  it  is 
then  always  attended  by  a  state  of  hyperalgesia  in  the  alTeeted  area. 
Such  a  state  is  known  as  aiKesthesia  dolorosa,  for  pain  is  caused  by 
any  touch  in  the  sensitive  region,  even  though  the  touch  itself  is 
not  perceived. 

Trophic  distiu*bances  in  the  anaesthetic  region  occur  more  com- 
monly in  septic  cases,  but  they  may  develop  in  any  case.  They  are 
usually  produced  by  neglected  injuries  of  the  insensitive  region,  wliich 
become  infected,  a  sUght  pin  ijriek  or  a  scratch  being  capable  of 
originating  a  serious  trouble  if  not  disinfected  at  once.  Pain  is 
nature's  means  of  protection  in  health,  giving  warning  of  injuries  or 
disea£»es  and  leading  to  their  care;  })ut  from  insensitive  regions  no 
warnings  can  come,  and  no  protection  is  therefore  given.  But  this 
ifi  not  a  sufficient  explanation  for  the  occurrence  of  such  trophic 
symptoms  as  arise  in  neuritis,  either  traumatic  or  spontaneous.  We 
see  peculiar  bulbous  eniptions,  herpes,  acne  or  eczema,  extraordinary 
vasomotor  conditions,  \^ith  alternate  flushing  and  pallor  of  the  skin 
attended  bj^  intense  heat  and  cold,  a  dryness  and  thinning  of  the 
skin,  mth  a  i>eculiar,  smooth,  shining  appearance  termed  glossy  skin, 
unusual  sweating,  which  may  be  acid  and  fetid,  or  hardening 
and  thickening  of  the  skin,  or  abnormal  growth  of  hair^  or  falling  of 
the  hair;  a  defective  or  ioTgular  gi'owth  of  the  nails,  which  may  be 
ridged,  curved,  and  marked  with  white  plaques  in  the  region  supplied 
by  the  affected  nerv^e,  Ver>^  rarely  acute  gangrene  has  been  observed, 
chiefly  in  old  persons.  The  occurrence  of  these  symptoms  has  given 
rise  to  the  hyjiothesis  of  trophic  nerves,  whose  function  is  to  regulate 
nutrition  and  repair  and  whose  injury  results  in  processes  of  tlisease 
in  the  derma  and  its  adnexa.  Such  trophic  symptoms  develop  only 
when  the  nerve  injured  is  a  stinsory  nerve.  The  trophic  disturbances 
seen  in  cases  of  loconnjtor  ataxia  and  s}Tingooiyelia  are  e\ideace 
t-hat  central  as  well  as  i>eripheral  lesions  may  be  attended  by  such 
gjTnptoms ;  but  even  in  the^^e  diseases  it  is  the  seiLsory  portion  of  the 
nerv'ous  system  to  which  the  pathological  change  is  limited.  The 
true  explanation  of  trophic  changes  is  to  Ije  found  not  in  the  hy- 
pothesis of  an  injury  to  trophic  nerves,  but  in  the  fact  that  ordinary 
eenwry  impressions  are  intermptedor  jierverted,  and  nature,  lacking 
its  accust'omed  guide  to  repair  and  misled  by  aljiiormal  impressions, 
produces  effects  which  are  needless  under  the  circumstances  or  fails 
to  produce  those  which  ordinarily  would  be  required.    Thus,  an 
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increavSed  secretion  of  sweat  may  be  a  natiu-al  thing  uiicler  a  certain 
condition — e,  gj  heat — when  uimatural  it  may  result  from  a  g«*ries 
of  abrioimal  sensations  uf  pathol(jpcal  origin,  being  received  by  the 
central  organs  which  are  incapalile  of  distinguishing  natural  from 
artificial  impulses.  A  bed-sore  is  usually  proiiuced  by  pressure  or 
irritation  of  the  skin^  not  perceived,  aiitl  so  not  removed  or  repaired. 
If,  by  extraneous  care,  such  pressure  and  irritation  arc  avoided,  as 
in  health  would  occur  by  cliange  of  {position  arul  care  of  the  skin, 
bed-sores  may  l)e  entirely  prevented.  In  a  [latient  of  my  own  suffer- 
ing from  trans verst*  myelitis  with  prf enounced  tentlency  to  lied-sores, 
the  simple  exjjedient  of  turning  him  every  half  hour  day  and  night 
and  wiping  off  the  skin  lightly  each  time  that  he  was  turned  j>re- 
vented  for  foiu"  years  the  development  of  any  skin  abrasion.  I  have 
never  seen  trophic  skin  affections  occur  in  the  course  of  neuritis  when 
the  ]jarts  were  proijerly  protected  from  injury^  and  slight  injuries 
were  antiseptically  treated. 

It  nmst  be  stated,  however,  that  other  theories  than  the  one  here 
offered  have  been  advancf^d  to  account  for  the  troiihic  symptoms 
ill  neuritis.  They  are  ascribed  to  vasomotor  disturbance.  Some 
authors  belie\'e  that  in  the  course  of  neuritis  the  vasomotor  nerves 
are  (iiseased  and  that  their  lesion  results  in  an  irregularity  of  blood 
sui>ply  to  the  part  concerne<L  This  iriTgidarity  consists  of  an  active 
hypera'niia,  as  is  proven  by  experimental  section  of  the  sympathetic 
nerve  to  a  rabbit's  ear»  which  causes  extreme  dilatation  of  the 
vessels  antl  a  rise  of  temperature  in  tlie  part ;  but  it  has  never  been 
demonstrated  that  a  mere  condition  of  congestion  goes  on  to  a  con- 
dition of  inflammatioii  unlt^ss  other  causes,  cliieffy  septic  or  microbic, 
enter  as  a  factor.  Furthermore,  it  is  well  known  that  the  blood- 
vessels are  under  the  control  of  vasomotor  ganglia  in  their  walls, 
which  regidate  their  calibre  even  after  division  of  the  fit>res  w^hich 
connect  these  ganglia  with  the  spinal  cord.  Thus,  after  di\4sion  of 
the  sym|>athetic  in  the  ear  of  a  ralibit,  the  congestion  gradually 
subsides  in  the  ear  and  the  temperature  becomes  normal.  .Another 
argimieot  against  the  vasomotor  origin  of  trophic  disturbances  is 
derived  from  the  study  of  cases  of  erythromelalgia.  This  is  an  affec- 
tion hrst  described  by  Weir  Mitchell,  characterized  by  a  dilatation 
of  the  arteries  in  the  extremities  resulting  in  an  extreme  condition 
of  redness  and  sensation  of  heat  and  i>ain.  It  is  an  affection  of  the 
liantls  and  feet  and  dccasionally  involves  the  arms  ttj  tlie  eli^ow^, 
and  the  legs  to  the  knees.  After  hours  of  extreme  heat  and  Husliing 
the  extremities  may  suddenly  become  cold,  pale,  or  blue  and  shriv- 
elled up,  presenting  the  appearance  that  the  hands  present  after  long 
soaking  in  hot  w^ater,  and  this  alternation  of  distention  and  contrac- 
tion of  the  bloodvessels  constitutes  the  sym})tomat(>log>-  of  thedis- 
eai?e.  It  apjiears  to  Ix*  a  pure  vasomotor  neurosis,  hut  it  is  rarely, 
if  ever,  attended  by  any  trophic  disturbances  of  tlie  skin  or  of  the 
naiisp  such  as  occur  in  neuritis,  and  no  pathological  oI>servations  are 
at  hand  to  establish  the  hypothesis  tliat  there  is  a  true  neuritis  of 
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the  vasomotor  nerves.  For  tliis  reason  the  theory  of  the  vasomotor 
origin  of  trf)phic  affections  ap{x*ars  to  l»e  incredible. 

The  paralyms  which  results  fn>ni  trauniatie  neuriti.^  i.s  limited  to 
the  muscles  supplied  by  the  injmvil  nerve,  ami  is  total  oiJy  in  those 
muscles  which  have  no  collateral  nerve  supply.  It  is  a  flaccid  palsy, 
and  if  it  results  in  any  stiffness  of  joints  or  limbs  or  deforoiity  s<>on 
after  the  injury,  this  is  flue  to  contraction  in  the  healthy  unofjjjosed 
muscles  anii  not  to  contracture  in  the  i>ara!yz(Hl  ones.  After  a  long- 
eoutinued  paralysis,  however,  attended  by  atrophy,  a  shortening  of 
the  weak  muscle  may  occur.  Tlius,  in  cases  of  facial  palsy  which 
do  not  recover,  a  contracture  is  not  xi^ry  rare,  causing  stiffiK^ss  of 
the  face.  In  such  paralyzed  niitscles  no  mechanical  or  rellex  motion 
is  pr>ssible.  Percussion  of  the  rnusele  or  of  its  tendon,  therefore, 
faik  t^i  jiroiluce  any  n\sponse. 

Electrical  changes  soon  develop  in  the  muscles  paralyzed,  usually 
within  four  or  five  days  of  the  time  of  injury.  These  are  of  several 
kiiais  and  are  known  as  the  reaction  of  degeneration,  partial  or  com- 
plete. In  health  a  irniscle  may  he  made  to  contract  by  sending  a 
galvanic  or  faradic  current  through  its  nerve,  or  by  appl^nng  either 
current  directly  \a\  the  nuiscle.  In  neuritis  the  nerv^e  becomes  inex- 
citalile  to  any  form  of  electricity  aufl  the  muscle  shows  changes  in 
itfi  excitability.  A  number  of  tUfferent  conditions  have  been  ob- 
served. Sometimes  there  is  a  simple  diminution  of  excitability,  and 
then  a  ver^^  strong  faraihc  or  galvanic  current  is  needed  to  produce 
contractions.  Frequently  rdl  faradic  excitaliility  is  lost,  and  then 
the  muscles  react  to  a  galvanic  current  only.  They  may  be  at  first 
hypersensitive  to  galvanic  stinmh,  but  later  it  may  require  a  very 
strong  galvanic  current  to  produce  contraction.  The  contraction  is 
rarely  ciuick,  a-s  in  health.  It  is  sluggish  and  vermiform.  In  some 
eases  the  normal  polar  reaction  is  found,  and  the  closure  of  the 
negative  jiole  apj>Hed  to  the  muscle  produces  stronger  contractions 
than  the  closure  of  the  jiositive  pole.  This  is  termed  a  partial  reac- 
,tion  of  degeneration.  In  many  cases  the  contraction  of  the  muscle 
when  stimulated  with  tla*  positive  pole  is  greater  tlian  when  stimu- 
lated with  the  negative  pole.  This  is  termed  a  complete  reaction 
of  degeneratinii.  A  loss  of  faradi(*  iiTitability  and  a  marked  dc^crease 
in  the  galvanic  irrital>ility  of  tlie  muscle  are,  therefore,  important 
sj'mptoms  of  neuritis.  As  the  disease  goes  on  t4>  recover^'  a  gradual 
increase  in  the  galvanic  irritability  occurs — a  fact  which  is  often  of 
much  aid  in  prognosis  if  careful  measurements  of  thr  strength  of  the 
current  used  Im»  made  by  the  galvanometer.  It  is  possible  to  record 
such  measurements  upon  charts,  and  thus  to  obtain  an  electric  curve 
for  eacli  muscle  which  is  jiaralyzed/  Thf*se  curves  enable  one  to 
judge  of  the  jjrogress  of  the  case  very  accurately,  :md  when  the  line 
is  advancing  steadily  ti»ward  the  nonnal  point,  after  a  great  deflection 
or  after  a  stationary  level,  the  prognosis  is  favorable. 


*  JoturmU  of  Ncn-oua  and  Mental  Di»eaaM\  Febniftr>'.  1887,  voL  xiv. 
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It  is  to  be  remembered,  however,  that  voluntary  power  alwajrs 
returns  some  time  before  electric  reactions  become  nomial. 

The  extent  of  the  paralysis  in  an}*  ease  is  deterniined  by  the  dis- 
tribution of  the  nerve  affected.  Thus  in  facial  palsy  all  the  muscles 
of  the  face  except  the  orbicularis  oris  are  jjaraly/^ed.  In  musculo- 
spiral  paralysis  the  extensors  of  the  wrist  and  fingers  are  totally 
paralyzed  and  the  supinator  longus  is  partially  paralyzed.  In 
peroneal  paralysis  the  muscles  which  abduct  and  lift  the  foot  are 
useless. 

The  duration  of  the  paralysis  dej^ends  wholly  on  the  question  of 
the  possibility  and  time  of  regeneration  of  the  nerve.  In  case  a 
nerve  is  divided  and  at  once  reuuited  this  paralysis  may  disapjK^ar 
in  a  couple  of  weeks.  In  an  ortlinary  traumatic  case  or  after  inflam- 
mation, as  in  facial  palsy,  six  weeks  may  be  the  limit.  In  other 
cases  a  long  time^  six  or  eight  montlis,  elapses  before  the  paralysis 
passes  off.  The  further  the  injury  from  the  end  of  the  nerve,  the 
longer  the  tiiTie  to  recovery — a  fact  w^hich  gives  support  %o  the 
hj^othesis  of  Ranvier  that  the  new  nerve  must  grow  out  from  the 
central  end  at  the  point  of  injury  and  find  its  way  down  the  old 
sheath  to  the  nniscle.  In  musculospiral  paralysis  from  pressure 
over  the  hmnerus  seven  months  is  the  average  duration  to  recovery. 
In  rase,  howTver,  some  obstmction  to  repair  exists  the  paralysis  is 
permanent.  Hence  scar  tissue  which  prevents  the  new  filaments 
from  developing  must  often  be  removed  in  order  to  effect  a  cure. 

Spa.sm  of  the  muscles  supplied  by  the  injured  nerve  occasionally 
occurs,  but  is  a  rai'e  symptom.  It  is  usually  a  reflex  plienomenon 
tlue  to  sensory  irritation  anil  not  to  any  pressure  on  tlie  motor  nerve. 
In  agunsiiot  injury  of  the  ulnar  nerve  cramps  in  the  hand  and  exten- 
sors of  the  wrist  have  been  noticed  (Ila>iuond).  In  the  so-called 
occujiation  neui^oses  which  some  authors  ascribe  to  neuiitis^  such 
cramps  are  conuiion,  but  in  ordinary  cases  of  neuritis  they  do  not 
occur, 

U'hile  the  statements  of  the  sjmiptoms  occurring  in  nemitis  thus 
far  made  are  generally  true,  it  is  found  that  ueuritis  in  different 
nerves  produces  diverse  symptoms,  hence  a  special  consideration  of 
neuritis  of  the  different  nerves  is  necessary. 

After  wounds  and  injuries  of  the  ner\^es  a  comlition  ha^  occasion- 
ally been  seen  which  is  known  as  ascending  neurilis  or  Tuigraiory 
neuritis.  Tender  spots  along  the  comse  of  the  nerve  above  the  point 
of  injury  and  pain  in  the  course  of  the  nerve  as  high  as  its  root  in 
the  plexus  have  l>een  observ^-d  in  a  few  cases.  This  has  been  chiefly 
in  patients  in  wdiom  there  has  been  an  open  wound  at  the  point  of 
primary  injury  anxl  where  there  has  been  a  suspicion  of  an  ascending 
septic  process  in  the  ner\^e.  The  neuritis,  howTver,  is  not  alw^ays  a 
continuous  one  from  the  point  of  injin-y  upward,  but  in  a  few"  cases 
tender  spots  have  been  found  at  some  distance  above,  without 
any  change  in  the  inteniiediate  space.  .  Hence  the  term  migratory 
neuritis.    The  rnigratoiy  form  is  supposed  to  be  characteristic  of 
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septic  infection,  the  sepsis  extending  along  the  connective-tissue 
sheaths  of  the  nen^e.  When  there  is  nn  open  wound  t^  account  for 
this  sepsis,  a  septic  condition  of  internal  origin,  associated  with  oblit- 
eration or  plugging  of  the  bloodvessels  and  with  the  production  of 
a  gangrenous  area,  ha^  been  recorded  as  a  cause.  While  casesjof 
ascending  neuritis  in  the  continuity  oi  tlie  nerve  have  been  produced 
experimentally,  it  has  not  been  possibk*  to  produce  migratory  neu- 
ritis when  the  wound  has  been  kept  aseptic.  In  some  cases  tjf 
traumatic  neuritis  a  verj^  extreme  condition  of  tenderness  of  the 
limb  above  the  point  of  injury,  together  wdth  inability  to  move  the 
joints  and  a  general  hypersensitive  state  with  pain  in  the  joints, 
occasionally  develops.  This  condition,  however,  must  be  considered 
as  probably  hysterical,  and  iLSually  develops  only  in  h}^>ersensitive 
or  neurasthenic  individuals.  It  is  not  necessarily  attended  with  a 
distinct  localizable  tenderness  along  the  course  of  the  ner\^e,  though 
this  may  also  be  present.  The  nmnber  of  cases  of  ascending  neuritis 
recorded  in  the  literature  of  the  past  few^  years  is  very  few.  I  have 
never  seen  a  case  of  true  ascending  neuritis,  though  I  have  seen 
many  cases  of  painful  affection  of  the  extremities  above  the  level 
of  the  neuritis  that  were  hysterical  in  their  nature.  There  fire  some 
cases  which  are  not  hystericaL  In  these  the  explanation  of^the 
condition  is  found  in  the  fact,  well  known  to  psychologists,  that  mild 
irritation  long  continued  produces  in  a  ner\^e  centre  a  hypersensitive 
state  by  what  is  known  as  a  summation  of  impulses.  In  this  state 
slight  impressions  are  beheved  to  be  intense  and  local  impressions 
become  generalized  and  widely  referred.  This  state  may  be  induced 
by  neuritis  long  continued  and  has  been  mistaken  for  an  ascending 
neuritis. 

Diagnosis.  The  diagnosis  of  traumatic  neuritis  usually  presents 
no  ditlM  ulty.  The  limitation  of  the  pain,  anaesthesia^  and  paralysis 
to  the  distribution  of  a  single  nerve,  and  the  tenderness  at  some 
point  along  its  cciurse  are  characteristic  of  the  affection  at  the  onset, 
and  within  a  week  of  the  beginning  the  development  of  the  reaction 
of  degeneration  in  the  muscles  supplied  by  the  nerv^e  affected  makes 
the  diagnosis  complete. 

Prognosis.  The  prognosis  in  neuritis,  as  a  rule,  is  a  good  one. 
We  have  seen  that  there  is  a  spontaneous  tendency  to  regeneration 
in  a  nerv^e  that  is  injured  or  that  has  been  affected  by  inflammation, 
and  while  this  progress  toward  recovery  is  usually  slow,  yet  eventually 
it  becomes  complete  and  all  the  functions  of  the  nerve  are  restored. 
The  only  factor  in  preventing  a  recovery  is  the  impossibility  of  a 
union  between  the  severed  ends  of  the  nerve,  or  the  interposition  of 
callus,  or  the  <levelopment  of  a  coiniective'tissue  scar  which  prevents 
a  re-establishment  of  continuity;  but,  after  sucli  obstructions  are 
remedied  by  surgical  treatment,  re|;eueration  takes  place,  even  though 
the  obstniction  may  have  persisted  for  many  months.  Therefore, 
the  eventuid  prognosis  of  recover^'  in  neuritis  is  good.  Spontaneous 
recovery,  unless  the  nerve  is' put  in  a  normal  conclition  by  being  freed 
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from  scar  tissue,  may  not  occur,  I  have  seen  a  man,  aged  fifty-two 
years,  who  had  suffered  since  the  iige  ni  yix  years  from  paralysis  and 
atroi^hy  of  the  nmscles  controlled  by  the  ulnar  nerv^e.  At  that  tuue 
his  elliow  was  fractured  an<l  dislocated  and  the  nerve  displaced,  so 
that  it  passed  over  the  olecranon,  wliere  it  could  be  felt.  Until  the 
age  of  fifty  years  he  suffered  from  partial  paralysis  and  anaesthesia, 
and  then,  from  unknown  cause,  his  sjTuptoras,  pain,  numbness,  and 
atrophy  increased  rapidly,  and  he  suffered  much.  Complete  recovery 
of  power  and  sensation  followed  an  operation  that  repaired  the 
nerve,  though  so  many  years  had  elapsed  since  the  injury. 

Bruns^  has  recently  called  attention  to  the  ultimate  results  in 
injuries  of  the  nerves  and  of  the  plexuses,  and  has  sIiowtl  that  while 
two-thirds  of  his  cases  of  nerv'e  injury  recovered,  only  about  one- 
cpiarter  of  the  causes  of  injuries  of  the  plexuses  were  cured/ 

Treatment.  In  the  treatment  of  injuries  and  wounds  of  nerves 
or  in  spontaneous  neuritis  the  first  and  most  important  object  is  to 
secure  the  possibility  of  regeneration  by  establishing  the  continuity 
of  the  injured  nerve.  If  the  injury  is  from  a  stab  wound  it  is  im- 
portant  that  the  severed  entls  of  the  nerve  should  l>e  l)rought  together 
and  carefully  united,  or  if  laceration  has  taken  i>lace,  so  that  there 
is  a  loss  of  continuity,  a  flap  can  be  made  from  both  ends  and 
these  elf>ngated  nerves  then  united:  or  it  is  possil)le  t*:*  insert  the 
ends  within  a  tube  of  decalcified  bone  to  serve  to  direct  the  re- 
generating fibres  outward  toward  tlie  distal  end.  Even  those  who 
teach  that  regeneration  occurs  in  t!ie  severed  end  admit  that  it  is 
only  rapid  and  jierfect  when  sucli  union  is  established.  If  the  nerve 
has  been  lacerated  by  a  fractnre  of  bone  or  by  a  strain  it  is  usually 
sufficient  to  set  the  fracture  or  tu  i>lace  the  strainerl  i>art  in  splints, 
thus  securing  its  inmiobility  for  a  time  and  allowing  nature  to  effect 
the  proper  repair.  Occasionally,  however,  wlien  the  fractui^e  has 
united,  or  when  the  local  swelling  and  pain  of  the  strain  have  gone 
down  and  the  bony  thickening  or  the  induration  aljout  the  strained 
part  has  disapjieared,  the  nerve  will  still  be  foimd  to  have  lost  its 
function.  If  after  six  weeks'  treatment  by  electricity  and  massage 
it  is  still  evident  that  there  is  no  progress  toward  recovery,  it  is 
ad\dsable  to  expose  the  point  at  which  the  nerve  was  injured.  It  is 
sometimes  found  that  regeneration  has  been  jirevented  l>y  tlie  growth 
of  a  connective- tissue  mass,  and  occasionally  it  is  found  that  a  mass 
of  bony  calhis  lias  formed  about  the  nerve  in  such  a  way  as  to  keep 
up  pressure.  Thus,  in  a  case  of  ulnar  neuritis  mifler  my  observation, 
produced  l>y  fracture  at  the  elbow,  the  repair  of  the  fractm^e  and 
the  restoration  of  mcjtion  in  the  joint  were  not  attendetl  by  a  recovery 
fnmi  the  neuritis.  It  was  evide^nt,  by  palpation,  that  a  bony  callus 
still  existed  about  the  nerve  at  the  elbow,  and  surgical  exploration 
showefl  the  nerve  to  be  completely  embedded  in  this  mass.  WTien 
this  was  chiselled  away  and  a  groove  formed  in  which  tlie  nerve  could 

1  L.  Bnins.  Neurol.  Cent.,  Nov.,  1902.  »  Keime*Jy.    Bni.  Med.  Jour.,  Feb.  7, 1003. 
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lie  freely,  and  the  two  ends  were  approximated  by  a  flap,  regenera- 
tion and  recover)'  easued.  In  a  case  of  an  infant  in  whom  brachial 
neuritis  from  pressure  above  the  clavicle  during  cieHveryhad  occurred, 
and  a  permanent  paralysis  of  the  arm  hafi  remained  for  seven  years, 
AUJgieal  exploration  discovered  a  mass  of  scar  tissue  lying  upon  the 
nerve  trunk  and  about  twice  its  fliaraeter,  which  had  prevented 
r^eneration,  and  wlien  this  was  removed  and  the  ends  of  the  nerve 
approximated  recovers'  eiLsued.  It  is  evident,  therefore,  that  the 
first  requisite  in  the  treatment  of  injuries  of  nerves  is  to  restore,  if 
possible^  the  original  position  of  the  nerve,  so  that  nature  nuiy  pro- 
duce regeneration. 

In  cases  of  spontaneous  neuritis  from  cold,  etc.,  the  only  thing 
necessary  is  to  maintain  the  partes  in  a  perfectly  (|iiiet  position,  and, 
if  possible,  to  reduce  any  congestion  in  the  inflamed  nerve.  This 
may  be  done  by  the  u?^e  of  counter-irritants,  of  which  the  actual 
cauteiy  is  probably  the  best.  Light  touching  with  a  Pa^juelin  cau- 
tery' along  the  coiu'se  of  the  inflamed  nerve  will  oft^n  give  relief  to 
intense  pain  and  will  reduce  the  congestion  whicli  attends  sponta- 
neous neuritis.     Small  mustard  plasters  are  also  of  service. 

Local  applications  of  lieat  are  often  very  grateful  in  painful  con- 
ditions of  neuritis:  in  fact  are  much  more  iigreeable  to  the  patient 
than  cold,  hence  poultices  or  packing  the  affected  limb  in  cotton- 
wool covered  with  oiled  silk  may  be  of  service.  In  the  more  severe 
cases,  w^here  pain  is  fre<iuently  intense  and  keeps  the  patient  awake 
at  night,  it  is  necessary  to  use  medicines.  The  newer  analgesics 
seem  to  have  the  i)o^ver  of  diminishing  painful  sensations  in  peripheral 
ner\'e-s,  and  hence  phenacetin,  5  grains;  antipyrine,  10  grains;  ace- 
tanilid,  3  grains;  exalgin,  3  grains,  or  salophen,  10  grains,  maybe 
used  ever}"  two  or  three  hours.  It  is  sometimes  possible  to  obtain  a 
better  action  by  a  coralunation  of  these,  to  which  a  small  amount 
of  codeine  may  Ik*  aiided  if  t!ie  pain  is  %'ery  persistent.  The  following 
formula  is  a  favorite  and  very  efficacious: 

^- — Pheaacetin     ,  *         .         -         ,         .         .    gr.  vj, 

Acetanilid       .         .  .         .         *  .         ,     gr.  Hj . 

Codeine *    gr,  \. 

CttSmne gt*-  ij* 

Sftocfa.  lactis gr*  V. 

M.    Triturate.    Stg. — Ooe  8vjch  powder  every  three  hours* 

Codeine  is  a  useful  remedy*  but  in  many  cases  it  is  necessary  to 
rcBort  to  hypodermic  injections  of  morphine.  These  rnay  be  used 
freely  and  with  less  danger  of  producing  a  habit  in  neuritis  than  in 
any  other  affection,  inasmuch  as  the  gradual  recovery  will  insure  a 
diminution  of  tlie  pain  and  the  eventual  cessatif>n  of  the  use  of  the 
drug.  The  tenderness  of  the  nerve  to  any  manipulation  and  the 
production  of  pain  by  any  movement  are  sufficient  to  induce  the 
patient  to  keep  the  part  in  jjerfect  rest,  which  is  essential  to  re- 
coverj\  The  amesthesia  in  the  skin  within  the  domain  of  the 
affected  nerve  can  be*  spe'cdily  reduced  and  in  many  cases  entirely 
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reinoveil  by  the  applieation  of  the  fanidic  brui?h,  One  pole  of  tlic 
battery  should  be  f)laeed  liif^h  up  upon  the  limb  that  is  affeeted, 
or  u|M3n  the  trunk,  and  the  lirush  should  be  applied  in  the  auiesthetic 
area.  The  strokes  should  Ije  from  the  adjacent  sensitive  skin  into 
the  anaesthetic  region,  and  the  strength  of  the  battery  should  be 
moderate,  yet  just  snffieient  to  produce  a  distinct  sensation  of  the 
electric  current.  In  this  way  it  seems  as  if  it  were  possil)le  to  pro- 
duce an  extension  of  sensibility  from  the  sensitive  area  into  the  adja- 
cent insensitive  region,  and  tlius  to  open  up  anastomotic  paths 
through  the  skin. 

The  paralysis  foUomng  a  nervT  injur>^  or  neuritis  requires  elec- 
trical treatment.  In  the  majority  of  such  eases  the  faradie  ctmtrac- 
tility  in  the  nuiscle  is  lost  and  it  is  useless  to  apply  faradism.  The 
galvanic  contractility,  however,  is  always  preserved,  even  though  it 
may  be  diminished.  For,  by  a  strong  galvanic  current,  even  in  the 
worst  cases,  a  fair  contraction  can  b(^  produced  in  the  paralyzed 
muscle  when  the  current  applied  to  the  nniscle  is  interriii>ted  by 
means  of  the  interrupting  electrodx*  hekl  in  the  hand.  The  ])ole  to 
be  used  over  the  nmscle  sliouhl  l)e  that  to  vvliich  the  muscle  responds 
most  quickly.  If  a  complete  reaction  of  degeneration  is  present  the 
positive  closure  contractility  will  be  greater,  am!  then  the  positive 
pole  should  be  placed  upon  the  mviscle.  If  a  [jartial  reaction  of 
degeneration  is  present  the  negative  closure  contractility  will  be 
greater,  and  then  the  negative  pole  should  be  used.  The  other  pole 
is  to  be  applied  to  the  limb  higher  up  in  the  course  of  the  nerve. 
The  application  should  be  made  daily  and  should  last  about  five 
minutes  to  each  muscle.  The  oljject  of  such  applications  is  to  exer- 
cise the  paralyzeri  muscle.  It  is  not  ])robal>le  tliat  the  effect  of  the 
electricity  is  in  any  way  to  increase  the  repair  of  the  nerve  or  to 
aid  its  regeneration,  hence  there  is  no  oliject  in  giving  a  continuous 
current  to  the  nerve,  as  some  authors  advise.  The  electrodes 
should  be  of  sponge  and  covered  with  clean  gauze,  and  wet  with 
warm  salt  water. 

The  paralysis  may  l>e  also  aided  by  massage  and  careful  manipu- 
lation of  the  joint  which  the  paralyze*!  muscles  should  move.  In 
cases  of  spontaneous  neuritis  where  the  nerve  is  very  tender,  ma,ssage 
may  be  so  painful  iis  to  be  injurious,  and  it  should  always  be  remem- 
bered that  massage,  to  be  useful,  shoulri  be  |iainless.  I  have  seen 
severe  injuries  of  nerves  follow  the  ])ainful  maTii[iulation  of  unintelli- 
gent ma^ssenrs  ami  osteopaths,  and  tlie  statement  which  such  indi* 
viduaLs  often  make,  that  if  their  manipulations  cause  pain  they  are 
thereby  doing  good,  is  absolutely  false.  The  object  of  massage  in 
paralysis  is  to  increase  tlte  nutrition  and  circulation  in  the  paralyzed 
muscles.  It  should  be  done  gently  for  about  one-half  hour  daily,  and 
should  be  followed  by  a  sense  of  warmth  and  comfort,  and  not  by 
fatigue. 

A  secondary  result  of  the  paralysis  of  certain  muscles  is  the  con- 
tracture of  their  healthy  opponents,  producing  forced  positions  in  a 
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jomi  and  very  often  quite  serious  deformities,  T!^e  joint  may  even 
become  stiff  or  tlte  bones  may  tiecome  displaeed.  Thus  in  ^Tist- 
drop  which  follows  irmsoulospiral  palsy  the  intrinsic  bones  of  the 
hand  are  not  uneommonly  displaced,  so  that  a  distinct  protuberance 
upon  the  back  of  the  hanii  liecomes  visible,  Ma!iipulations  of  such 
displaced  or  stiffened  joints  are  very  valual>le,  and  should  be  urged 
from  the  very  beginning,  in  order  to  prevent  deformity  or  stiffness. 
The  trophic  symptoms  which  occur  in  neuritis  usually  yield  at 
once  to  a  careful  disinfection  of  the  skin  and  protection  of  the  skin 
from  extraneous  injury  or  infection.  This  can  be  attained  by  w*'L^liing 
the  parts  in  a  solution  of  bichloride  or  of  carbolic  acid,  applying 
carbolized  vasehne  to  the  surface,  and  wrapping  in  absorbent  cotton. 
It  is  very  important  to  prevent  the  occurrence  of  these  trophic  symp- 
toms by  iirojX'r  care  of  the  skin  from  the  very  beginning,  and  patients 
mifTering  from  neuritis  or  having  any  anaesthetic  regions  should  be 
warned  against  the  possibility  of  unnoticed  injuries  or  burns. 


DTJUEIES  OF  SPECIAL  H£RV£S  AND  SPECIAL  FOEMS  OF 

NEURITIS. 


The  affections  of  the  cranial  nerv'e^  will  be  considered  in  connec- 
tion with  diseases  of  the  brain. 

There  are  thirty-one  pairs  of  spinal  nerves  w^hich  are  named  after 
the  segments  of  the  spinal  cord  from  w^hich  they  arise,  there  being 
eight  cervical,  twelve  dorsal,  five  luml^ar,  five  sacral,  and  one  coc- 
cygeah  The  origin,  course,  and  branching  of  these  nerves  are  show^n 
in  Plates  IV.  and  VI.  It  is  not  needful  to  rlescribe  the  anatomy 
of  these*  nerves,  but  it  is  necessary  to  consider  certain  special  types 
of  neuritis  and  the  results  !>f  injuries  to  certain  nerves  which  are 
frequently  met  with  in  practice. 

Oemco-bracMal  Netiritis,  The  anatomy  of  the  cervico-brachial 
plexus  is  shown  in  Plat(*  IV. 

Etiology.  A  nemtis  of  the  cervicobrachial  plexus  may  occur  in 
the  adult  as  the  result  of  i^njuries  t<.i  the  neck  and  shoulder,  especially 
after  dislocations,  as  the  result  of  spinal  caries,  or  of  tumors,  or  aneu- 
risms growing  in  the  neck:  as  a  sequel  of  any  of  the  infectious  dis- 
eases, especially  ^ripp(%  or  of  toxic  conditions;  from  rheuiiiatic  and 
gout  J'  states,  and  also  from  taking  cold.  It  is  more  frec|uently  met 
with  in  women,  and  persons  above  the  age  of  forty  years  are  more 
liable, 

STmptoms.  If  thf*  neuritis  is  limited  to  the  upper  four  cervical 
nerves  a  very  inten.se  <icciirital  neuralgia  is  produced.  The  pain  runs 
up  ttie  back  of  the  neck  and  over  the  head  as  high  as  the  vertex,  and 
is  attended  by  extreme  sensitiveness  of  the  great  occijjital  nerve  to 
pressure;  by  tingling  and  numbness,  and  by  difficulty  in  the  move- 
ment of  the  head  Ijecause  of  the  pain  produced  by  motion.  The 
head  is  often  held  stiffly  on  this  account.     Occasionally  the  hair  of 
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the  scalp  comes  out.     There  is  soraetinies  a  weakness  or  paralysis  of 
the  deep  cervieal  mascles. 

If  the  neuritis  is  limited  to  the  fifth  and  sixth  cervical  nerves  or 
their  branches  in  tlie  plexus^  pain  is  very  intense  in  the  neck  above 
the  clavicle,  and  is  felt  over  the  shoulder  and  in  the  axilla  and 
down  the  back  of  the  ann.  and  even  into  the  forearm,  and  the 
paralysis  affects  the  deltoid^  biceps,  coracobrachialis.  and  supinator^ 
muscles. 

If  the  lower  cervical  nerves  and  the  first  dorsal  nerve  are  the  seat 
of  the  neuritis  the  pain  and  tenderness  are  veYy  intense  over  the 
cla\ncle,  and  the  pain  is  felt  ilowii  the  front  of  the  arm  over  the 
entire  forearm  and  in  the  hand  and  fingers,  and  the  paralysis  affects 
the  nuiscles  of  the  forearm  and  hand. 

It  is  to  be  remembered  that  the  spina!  origin  of  the  sympathetic 
nerve  in  the  neck  is  in  the  last  cer\dcal  and  first  dorsal  segments  of 
the  spinal  cortb  and  the  anterior  nerve  roots  coming  from  these  seg- 
ments contain  the  fibres  passing  to  the  cervical  sympathetic.  These 
nerve  fibres  leave  the  main  cervical  nerves  soon  after  their  exit  from 
the  vertebral  foramina  and  ascend,  lying  deeply  beneath  the  muscles. 
In  the  majority  of  cases  of  neuritis  of  the  lower  part  of  the  brachial 
plexas  they  are  not  involved,  but  occasionally,  if  the  inflammation 
extends  deejily  through  the  spinal  nerve  roots,  or  if  these  nerve  roots 
are  compressed  by  tumor,  or  are  involved  in  caries  of  the  spine,  or 
are  lacerated  within  the  spinal  canal,  the  symptoms  of  paralysis  of 
the  s\Tni>athefic  ai>i)ear.  These  s3^mi>toms  are  a  slight  retraction  of 
the  eyeball  and  narrowing  of  the  palfiebra!  fissure,  the  eyelids  appear- 
ing partly  clos<^d  and  the  outer  angle  of  the  eye  being  sliglitly  droop- 
ing. The  pu|>il  is  somewhat  contracted  and  does  not  dilate  fully 
w^hen  the  eye  is  shaded.  There  is  a  slight  pallor  of  the  side  of  the 
face  an*l  neck,  an  unusual  dryness  of  the  nostril  and  mouth  on  the 
side  of  the  injury,  luid  a  ^liminution  in  the  secretion  of  sweat  on  the 
neck,  arm,  and  chest  of  the  injured  side.  If  the  patient  is  subjected 
to  heat  the  injured  side  does  not  flush  anil  perspire  in  the  normal 
manner. 

The  existence  of  these  s^inptoms  of  injury  of  the  sympathetic,  to 
which  attention  w^as  first  directed  i>y  I\luni]>ke,  is  sometimes  of  much 
importance  in  diagnosis,  as  an  indication  that  an  injury  of  the  plexus 
is  present.  Thus  in  a  ]>atient  seen  with  Hartley  at  the  New  York 
H(isi>ital,  who  had  fallen  several  stories  and  sustained  a  fracture  of 
the  right  side  of  the  cranium  and  a  manifest  strain  of  the  left  arm, 
it  was  important  to  determine  whether  the  paralysis  of  the  left  arm 
was  due  to  a  laceration  of  the  tirachial  plexus  or  to  an  injury  of  the 
brain.  The  existence  of  great  pain  on  j^ressure  over  the  lirachial 
plexus  and  on  motion  of  tlie  arm,  with  ahnost  total  aniesthesia  of 
the  hand  and  arm  l>elow  the  etl>ow,  and  the  presence  of  the  symp- 
toms indicative  of  injury  of  the  sympathetic  nerve  in  the  neck,  made 
it  evident  that  the  |>ara!ysis  of  the  arm  w^as  due  to  a  laceration  of 
the  nerves  of  the  brachial  plexus  and  not  to  a  cerebral  injury.     The 
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PLATE  V. 


The  Distribution  of  Sensory  Nerves  in  the  Skin. 
(After  Flower.) 

The  areas  of  the  skin  supplied  by  the  cutaneous  nerves  are  shown  in  finely 

dotted  outline.    The  circles  on  the  trunk  sho'w  areas  occasionally  anceathetic  in 

hysteria.    The  lines  across  the  limbs  at  ankle,  knee  and  thigh,  wrist,  elbo-w  and 

mhouldop  mho-w  t)n^  upper  limits  of  anaesthesia  in  multiple  neuritis  of  varying 

<i^ffrocm  af  mo  verity. 
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development  of  the  reaction  of  (le^eiipmtion  in  the  nuiseles  in  the 
course  of  ten  days  confirmed  this  diagnosis.  Usually  in  hracliial 
neuritis  several  cords  of  the  plexus  are  involves  I  simultaneously,  and 
then  the  pain  radiates  over  all  the  branches  of  the  nerves  which  arise 
below  this  plexus.  Plate  IV.  siiows  the  formation  of  this  plexus 
from  the  nerv^e  roota  and  the  distribution  of  the  cords  of  the  plexus 
to  the  various  nerves  of  the  arm.  Plate  V.  demonstrates  the  distribu- 
tion of  the  cutaneous  nerv^es  in  the  skin  of  the  arm. 

A  comparis(in  of  the  syraptoms  develoi>ing  in  any  case,  namely, 
the  distribution  of  the  pain,  of  the  lines  of  tenderness,  of  the  areas 
of  tinjjling,  numliness,  and  anaesthesia,  with  these  diagrams  will  serv^e 
to  indicate  what  branches  of  the  Ijrachia!  plexus  are  involved  in  the 
neuritis.  As  cases  differ  widely  from  one  another  in  the  extent  of 
implication  of  the  nerves,  it  is  only  by  such  a  comparison  of  each  ease 
with  a  diagram  that  a  definite  diagnosis  can  be  reached. 

Brachial  neuritis  of  the  ordinary  form  in  the  adult ,  due  to  exposure 
to  cold,  is  an  extremely  common  disease,  fully  as  conmion  tks  sciatica. 
It  is  an  exceedingly  painful  afilection,  coming  on  sometimes  with 
great  suddenness,  as  in  a  case  described  by  Kkimpke*  where  the 
autopsy  showed  an  extensive  hemorrhage  in  the  sheath  of  the  nerves. 
Hence  it  has  been  called  *'ai)0plectie  neuritis."  Its  ons^t  may  be 
gradual  through  several  tlays,  under  which  circumstances  an  extreme 
congestion  with  interstitial  neuritis  and  secondary  implications  of 
the  nerve  fibres  are  present.  A  pain  in  the  location  of  the  plexus 
and  pain  radiating  outward  are  the  most  distressing  snTiptoms* 
and  are  so  intense  and  agonizing  as  to  deprive  the  patient  not 
only  of  all  use  of  the  limb,  but  also  of  sleep.  Soon  after  the  onset 
of  the  pain  any  motion  becomes  so  uncomfortable  as  to  make  rest 
of  the  liml)  imfierative.  The  numljness  and  tingling  which  attend 
the  pain  are  extremely  disagreeable  and  are  more  intense  after  the 
disease  is  well  established  at  the  end  of  a  week.  The  paralysis  of 
the  muscles  supplied  by  the  affected  nerves  develops  w^ithin  three 
or  four  days  of  the  onset,  an^l  these  muscles  become  atrophied  as 
the  case  goes  on.  and  usually  after  ten  days  show  a  reaction  of 
degeneration.  In  brachial  neuritis  trophic  disturbances  of  the  skin, 
glossy  skin,  herpes,  eruptions  of  various  kinds^  anrl  interference  with 
the  growth  of  the  nails  are  very  cfimmon  occurrences.  The  skin  is 
manifestly  thin,  becomes  very  shiny  and  smooth,  aiii)ears  as  if 
tightly  stretched  over  the  fingers,  hand,  or  arm,  and  is  exceedingly 
tender  and  hypersensitive  to  touch,  to  heat,  and  to  cold.  Sensations 
cjiused  by  mo^^ng  the  fine  hair  on  the  skin  are  peculiarly  disagree- 
able. The  limb  is  very  frequently  covered  with  iierspiration^  which 
may  be  of  a  fetid  odor.  Sucli  a  neuritis  usually  persists  for  several 
weeks  or  even  months.  The  average  duration  in  ten  such  cases 
under  my  obser\^ation  was  four  months.  The  symptoms  gradually 
subside,  but  the  weakness  often  persists  for  some  weeks  after  the 
pain  has  db?appeared. 

i   Rev.  de  Mdd.,  1886.     . 
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Patholog-y,  Patlujlogical  obseiYatiojis  in  cases  of  neuritis  of  the 
brachial  filcxu!s  arc  eoniparativply  rare,  as  the  patients  usually  re- 
cover. Ivlunipke's  case  of  liemorrhage  within  the  sheath  of  the 
plexus  lias  alrea4:ly  been  mentioned,  Jacobson  reports  a  case  follow- 
ing carcinoma  of  the  breiist  of  nine  months'  duration.  A  micro- 
scopic examination  showed  an  almost  total  disappearance  of  the 
nerves  of  the  bracliial  plexus,  tliougli  there  was  no  infiltration  with 
carcinonuitnus  masses*  The  process  of  degeneration  was  present 
in  many  bundles,  with  a  manifest  disappearance  of  nerve  fibres,  and 
an  atrophic  condition  was  fount!  in  the  peripheral  nerves  of  the 
arm.  The  cells  of  the  posterior  spinal  ganglia  in  the  cer\ic^l  region 
showed  degenerative  changes  by  the  Nissl  method  of  staining,  and 
by  the  .Marchi  method  there  was  discovered  a  manifest  degener- 
ative change  in  the  p<jsterior  root  zone  of  the  s{anal  cord  corre- 
sponding to  the  entrance  of  the  nerv^e  roots  from  w^hich  the  brachial 
plexus  was  made  up.  Degeneration  ascended  in  the  column  of 
Burdach,  and  also  descended  in  the  comma-shaped  bundle  of 
Schultze  as  far  down  as  the  hfth  dorsal  segment.  This  observation 
proves  that  in  some  cases  when  the  sensory  neurone  is  involved  in 
one  of  its  branches  the  cell  body  and  the  other  branch  may  also 
degenerate. 

Prognosis,  The  prognosis  is  fairly  good,  as  recovery  eventually 
occurs  in  the  majority  of  the  cases.  But  the  progress  is  slow  and 
is  attended  by  very  great  discomfort.  It  is  to  be  remembered  that 
nerves  in  regenerating  grow  l>yt  one  centimetre  a  week^  and  hence 
the  repair  in  the  affected  nerves  requires  a  long  time,  especially  if 
those  nerves  are  the  long  ones  to  the  fingers.  In  the  traumatic  cases 
the  prognosis  is  less  favoraljlc  than  in  injiu*ies  of  single  ner\^es. 
Thus  in  a  case  seen  with  McBurney,  a  calcareous  cicatrix  had 
involved  the  three  corils  of  the  plexus  and  destroyed  the  nerves 
so  comijletely  that  nothing  could  be  done  to  induce  repair. 

Treatment.  Treatment  consists  of  absolute  rest,  the  arm  being 
carried  in  a  sling  and  held  to  the  side  by  bandages,  constant  appli- 
cation of  lieat,  either  by  packing  the  shoulder  and  arm  with  cotton, 
which  is  to  be  covered  with  oiled  silk,  hot  bottles  being  ai>plied  outside 
of  the  Ijandagf*.  or  by  the  application  of  poultices.  In  my  experience 
cold  applications — ice  fiacks,  or  spray itig  with  ether,  or  chkiride  of 
ethyl,  which  are  recommended  by  the  Germans — ^jiroduce  great  dis- 
comfort and  are  voluntarily  discarde(!  by  the  patients  in  favor  of  hot 
applications.  Tlit^  use  of  tlic  actual  cautery  in  pntducing  counter- 
irritation  over  the  painful  nerve  trunks  is  mged  by  all  authorities, 
and  I  have  certainly  known  it  to  alleviate  the  pain.  It  may  be  done 
daily  if  the  touch  marie  is  very  light,  so  as  not  to  lireak  the  skin, merely 
protiucing  a  red  line  upon  it.  Electricity  may  tie  used,  and  in  some 
patients  appears  to  give  considerable  relief.  A  very  mild  galvanic 
current,  from  four  t-o  six  milliampt^res  only,  should  be  applied  with 
the  jjositive  pole  over  the  painful  region,  and  the  negative  pole  over 
the  back  of  the  neck.     The  current  should  not  be  broken  and  should 
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be  allowed  to  pass  for  ten  minutes  tlirough  the  painful  region,  the 
pole  being  sliifted  in  order  to  bring  all  of  the  painful  parts  within 
the  influence  of  the  eorrent.  In  aijj>lying  the  eleetrieity  to  the  arm, 
Keniak  reconiiiienils  that  a  current  be  used  diagonally  through  the 
painful  nerve,  the  positive  pole  being  over  the  most  painful  point 
and  the  negative  upon  tlie  other  side  of  the  limb.  During  tlie  early 
and  painful  stage  of  the  disease  any  electrical  apjjlication  producing 
a  contraction  of  the  muscles  is  too  iiainful  to  be  endured,  l>ut  later 
in  the  course  of  the  case,  when  the  j)ain  is  subsiding,  it  is  well  to 
exercise  the  muscles  by  electricity  in  order  to  keep  up  tlieir  tone 
until  the  nerv^e  has  regenerated.  The  ai>plication  of  electricity  has 
no  effect  ujjon  the  course  of  the  case  or  upon  the  regeneration  of  the 
nerve  trunk. 

Massage  of  the  limb  is  achisable  when  the  parts  are  not  too  tender 
to  prevent  its  use,  and  as  soon  as  the  tenderness  subsides  sufficiently 
to  allow  of  it,  it  should  be  begun  and  continued  until  recovery.  Some 
relief  is  often  obtained  by  douching  the  limb  with  hot  water  from  a 
spray  or  by  alternate  douches  of  hot  and  cold  water.  Patients  differ 
in  their  susceptibility  to  cold  in  this  condition.  Many  jjatients  are 
hypersensitive  to  cold  in  conditions  of  neuritis,  and  under  these  cir- 
cumstances cold  water  should  be  avoided. 

The  pain  in  brachial  neuritis  is  so  intense  as  to  require  medical 
relief.  The  various  analgesic  preparations — acetanilid,  antipjTine, 
phenacetin,  alone  or  combined — should  be  tried  before  codeine  or 
opium  are  resorted  to.  But  in  the  majority  of  cases  in  this  condi- 
tion it  is  necessar}^  to  use  hy|>odermic  injections  of  morphine,  and 
these  may  be  used  ver>^  freely  in  sufficient  amount  and  mth  sufficient 
frequency  to  secure  relief  from  the  intent  agony  which  otherwise 
exhausts  the  patient.  Care  should  be  taken  to  keep  up  the  general 
nutrition  of  the  patient  during  the  course  of  tlie  disease.  Good  food, 
adjuvants  to  digestion  and  laxatives  which  counteract  the  action  of 
the  morphine  should  be  used  freely,  and  it  is  well  to  insist  upon  the 
use  of  fatty  foods  in  excess,  as  these  appear  to  have  a  beneficial  effect 
in  increasing  the  rate  of  regeneration  in  the  nerves.  Alcoholic  tlrinks 
should  be  avoided  or  used  in  great  moderation.  Strychnine  and 
arsenic  are  of  benefit  in  the  stage  of  recovery,  but  are  not  to  be  used 
while  the  pain  is  intense.  The  glycero-phosj)hat>es  of  fime  and  soda 
in  15-grain  doses,  three  times  a  day,  are  of  much  use. 

Surgical  treatment  is  demanded  in  traumatic  cases  which  show 
no  tendency  to  recover  after  three  months.  The  plexus  should  be 
exposed,  cicatricial  tissue  removed,  and  a  union  of  the  separated 
nerves  secured  by  a  nerve  flap,  or  by  inserting  the  ends  in  a  tube 
of  decalcified  bone. 

Obstetrical  Paralysis,  or  Birth  Palsy  of  Duchenne.  This  form 
of  paralysis  is  noticed  mthin  a  few  hours  or  days  of  the  birth  of 
an  infant.  It  is  usually  limiteil  to  the  deltoid,  biceps,  brachialis 
anticus,  supraspinatus  and  infraspinatus,  and  supinator  longus 
muscles,  but  occasionally  involves  the  extensor  muscles  of  the  wrist 


tkjy,  Bj^'t'd  '*t'vcn.  whose  ri|;hlarni  httd  U*tjn  jiamlysuid 
•ince  birth,  The  poalUoti  of  tbe  unn  *tw1  huna  and  itie 
fttrot^^y  arc  typical. 


Extreme  atmphy  nf  rii^bt  shoulder 
and  arm  due  to  blrlb  pa  lay.  (De- 
Jerinc.} 


muscles  which  are  paralyzed  are  rehixetl  and  their  ni>iK>nents  are 
not  ri^id,  m  that  all  joints  are  fret^ly  tnuvable  and  inoliua  dues  not 
give  the  child  pain.  The  tnily  movements  in  the  jniralyzed  arm  are 
those  of  extension  of  the  forearm  and  niotions  of  tlie  wrist  and 
fingers.  Bonietiines  when  the  {^xtensors  of  t!ie  wrist  are  involved 
there  is  sUght  extension  of  the  two  distal  phalanges  only.  If  the 
paralyzed  muscles  are  examined  electrically  the  reaction  of  degen- 
eratirm  can  be  demonstrated^  Init  this  is  often  difficult  in  an  uifant 
on  account  of  the  nodeveloi^ed  condition  of  the  muscles  and  the 
thick  layers  of  fat.  A  very  strong  current  is  necessary  in  (produce 
the  reaclion,  and  this  is,  of  course,  attended  by  pain:  hence  electrical 
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exafiiinations  are  (lifficult  in  infants.  If  such  tests  are  made  the 
nomial  arm  shouhl  be  taken  as  a  stanrianl  for  comparison.  If  the 
sonsibility  is  tented  by  a  needle  it  will  usually  be  found  to  i>e  eon- 
sideralily  impaired  over  the  area  of  the  arm  corresjmnding  to  the 
cutaneouis  branches  of  the  circumflex  nerve— a  heart-sluiped  area 
whose  |)oint  corresponds  to  the  insertion  of  the  deltoid  nuisele,  and 
sometimes,  also,  along  the  outer  side  of  the  arm  ami  forearm  in  the 
distribution  of  the  musculocutaneous  nerve.  After  this  c<indition 
has  remained  for  several  weeks  or  rnontlis  without  much  change, 
as  it  often  rloes.  the  muscles  winch  are  paralyzed  become  consider- 
ably atrophieil  and  feel  unduly  soft  and  yiekUng.  (Fig,  15.)  The 
actual  size  of  the  limb,  ho\\'ever,  may  not  l>e  very  perceptibly 
reduced,  for  the  fat  in  a  thoroughly  healthy  bal^y  is  much  greater 
than  the  substance  of  muscular  tissue,  and,  therefore,  there  is  not 
the  rapid  wasting  of  tlie  ann  and  forearm  whidi  is  noticed  io  adults 
suffering  from  parah^is  of  the  l>raeliial  plexus.  When  the  condition 
has  lastrd  threi*  or  four  months  there  sometimes  a]ipears  a  slight  stiff- 
ness of  the  unpara!yz(^d  muscles,  so  tliat  bending  the  forearm  and 
wrist  or  opeidng  the  little  closed  hand  is  not  as  easy  as  at  the  begm- 
ning.  A  permanent  rigidity,  however,  rarely  if  ever  develops.  Many 
of  these  cases  go  on  to  sj^ontaneous  recovery,  which  ensues  within 
six  months  after  birth.     Others  remain  longer  and  do  not  recover 
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I  of  bracblal  plexus  at  tho  junetlon  or  the  5th  and  6Ll]  c«rvicii]  tierres  found  it 
fttioii  OD  boy  »hown  m  Fig.  IL    (NAttirAl  size,  Trom  a.  sketch  by  Dowd) 
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I  within  the  first  year.  The  condition  may  remain  for  three  or  four 
years  and  pass  away  only  when  the  child  is  old  enough  to  be  taught 
sj*8tematic  g>mmastic  exercises.  I  have  seen  one  case  where  no  re- 
coverj'  had  ensued  after  seven  years,  and  then  an  ojieration  by  Dowd 
demonstrated  the  existence  of  a  cicatricial  mass  at  the  juiTction  of 
the  roots  of  the  fiftli  and  sixth  cervical  nerves  in  the  neck,  which  had 
prevented  regeneration.  (Fig.  16.)  This  was  too  extensive  to  war- 
rant removal  1  have  seen  one  girl  of  fourteen  wht)  still  had  com- 
plete disability  of  movement  at  the  shoulder-joint  and  inability  to 
fc'Upinate  the  arm,  due  to  the  occurrence  of  birth  palsy. 
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The  course  of  the  disease  and  the  final  condition  depend  upon  the 
severity  of  the  lesion. 

The  lesion  in  all  cases  of  birth  j)al8y  iovolves  th(^  upper  two 
nerves  of  the  brachial  plexus,  Duchenne  showed  that  pres.sure 
backward  upon  the  side  of  the  neck  is  liable  to  compress  these 
two  nerves  against  the  kiiiiina  of  the  sixth  cer^dcal  vertebra.  I^rb 
has  shown  that  it  is  fjossible  by  a  careful  examination  to  find  a 
spot  two  centimetres  aljove  the  clavicle,  Ijaek  of  the  outer  edge 
of  the  sternomastoid  muscle,  corresponding  to  the  point  of  emer- 
gence of  the  sixth  cervical  nerve  between  the  scaleni,  at  which  point 
irritation  by  the  faradic  current  ^^ill  produce  a  contraction  in  the 
deltoi*!,  bice|>s,  hrachialis  anticus,  and  supinator  longus  muscles; 
ami  if  the  irritation  be  increased  the  extensors  of  the  wrist  will  also 
contract>  Pressure  upon  tliis  particular  region  is  often  made  during 
delivery,  either  by  the  clavicle  or  by  forceps  or  l>y  the  fingers  of  the 
obstetricia!K  This  is  more  common  when  there  is  a  breech  presen- 
tation and  the  after-coming  head  is  extracted  in  the  common 
method.  The  index  and  middle  fingers  of  the  left  hand  being  open 
like  a  fork  over  the  shouldei-s  of  the  child,  traction  is  commnidy 
maile  upon  the  shoulders,  and  the  pressure  of  the  obstetrician's 
finger  in  the  neck  often  produces  injury  of  the  plexus.  In  some 
cases  injury  of  the  plexus  is  produced  by  attempts  to  bring  down 
the  hand  or  arm  in  breech  presentations  or  to  replace  these  when 
the  head  presents.  Forceps  applications  in  an  awkward  position 
may  also  produce  this  injury.  Chiklren  do  not  appear  to  be  very 
liable  to  injur}'  of  the  nen^es  in  spite  of  the  many  accidents  which 
befall  them.  I  have  not  seen  a  case  of  traumatic  neuritis  in  the 
plexus  of  a  child  Ih4ow  the  age  of  fnurt-c?en  years,  excepting  the  form 
of  brachial  neuritis  just  described.  I  have  seen  this  form  in  adults 
due  to  pressm-e,  in  one  case  in  a  piano-carrier,  and  in  another  in  a 
laborer. 

Treatment,  The  arm  should  be  kept  in  a  sUng,  with  the  elbow 
flexed,  ami  should  not  be  allowed  to  hang  down,  since  its  weight  often 
suffices  to  overstretch  the  ligaments  of  the  shoulder  which  are  no 
longer  assisted  by  the  action  of  the  deltoid.  The  entire  arm  should 
be  rubbed  daily r  the  mother  being  taught  the  kneading  process  of 
massage.  It  sliould  1:h^  Inithed  freely  night  and  morning  with  hot 
and  cold  watc^,  so  as  to  increase  the  general  circulation  ami  nutrition. 
UnintelUgent  people  will  Ix^  more  likely  to  keep  up  the  necessary- 
rubbing  if  some  simple  lotion  or  ointment  be  ordered.  As  soon  as 
any  voluntary  motion  can  be  made  the  child  sliould  hv  enctiuraged 
to  make  it,  even  if  it  be  necessar\^  to  bind  the  unafl'ect4Hl  lind)  to  the 
side  of  the  body.  As  the  child  grows  older  systematic  exercises  of 
a  gj^nnastic  kind  should  be  insisted  upon  daily.  Galvanic  treat- 
ment in  accordance  with  the  regular  methods  described  on  page  56, 
should  be  begim  early  and  used  until  recovery  has  occurred.  The 
mildest  current  which  will  produce  contraction  in  the  muscles  should 
be  used,  that  the  treatment  may  not  be  too  painful,  and  an  intelli- 
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gent  nurse  or  mother  can  he  iastructed  to  carry  out.  this  treatment 
at  home. 

Paralysis  of  the  Circmnflex  Nerve.  Injuries  of  the  .shoulder  and 
dif^loeations  of  the  i>houl(ier  i^onietiines  produce  a  paralysLs  of  the 
circumflex  nerv^e.  The  symptoms  consist  of  pain  and  t-enderness 
in  the  course  of  the  nerve:  paralysis  and  atrophy  of  the  deltoid 
muscle,  wliich  prevents  aljduetion  of  the  arm,  a  relaxation  of  the 
ligaments  of  the  shoulder-joint,  as  the  deltoid  muscle  keeps  the 
humerus  in  apj>osition  to  the  socket;  and  an  area  of  aniesthesia, 
triangular  in  shape,  with  the  af>ex  of  the  triangle  downward  eorre- 
qxjndin^  to  the  insertion  of  the  deltoid.     (See  Plate  V/) 

A  patient  under  my  care  had  been  in  the  habit  of  standing  in  his 
office  and  resting  his  shoulder  against  the  sharp  edge  of  a  mantel. 
About  the  first  of  May  he  began  to  suffer  from  pain  in  the  back  of  the 
neck  and  about  the  shoulder,  and  after  ten  days  his  deltoid  became 
suddenly  paralyzed.  This  paralysis  remaine*!,  in  spite  of  treatment 
by  electricity  ami  massage,  until  the  tirst  of  November,  though  by  the 
middle  of  July  he  had  recovered  power  enough  to  rsdse  the  arm 
above  the  head.  The  anaesthesia  over  the  shoulder  disappeared 
within  tlie  first  month. 

Paralysis  of  the  Suprascapular  Nerve  occasionally  occurs  after 
4lislo(-tti«>n  i>f  the  fiumerus,  oi-  may  be  produced  by  falls  upon  the 
shoulder  or  on  the  hand,  causing  contusion  of  the  shoulder.  The 
s>Tiiptoras  are  chiefiy  referable  to  paralysis  of  the  supraspinatus  and 
infraspinatus  muscles.  I  have  seen  this  following  removal  of  deep 
cervical  glands  in  the  neck  by  accidental  division  of  the  nerve  trunk. 
The  shoulder  is  ver}-  much  tiampered  in  its  movement,  as  is  also  the 
arm.  WTien  the  arm  is  abducteil  and  raised  the  head  of  the  humerus 
falls  from  lack  of  support  by  the  supraspinatus  muscle;  lieiice  the 
arm  caaoot  be  held  up.  Movements  of  outward  rotation  are  also 
impaired  by  the  paralj^is  of  the  infraspinatus.  The  scapula  is 
slightly  rotated,  ita  lower  angle  being  moved  upward  and  inward, 
and  its  upper  angle  projecting  on  the  side  of  the  neck.  The  defective 
action  is  somewhat  supplemented  by  the  deltoid  and  the  teres  minor, 
which  muscles  occasionally  become  a  httle  h^^jertrophied  in  the 
course  of  the  case.  Sometimes  a  small  region  of  anaesthesia  is  found 
over  the  sea]  ml  a. 

Neuritis  of  the  Shoulder- joint.  Painiui  Shoulder,  A  concfition 
of  extreme  pain  and  stifiness  at  the  shoukler-jcdrit,  due  to  a  neuritis 
of  the  nervTS  within  the  joint,  is  not  an  uncnmrnoo  affection.  It 
oceurs,  as  a  rule,  in  women  of  midcDe  age,  hut  men  are  not  exempt. 
It  occurs  in  gouty  and  in  anaemic  and  cachectic  individuals,  and  is 
often  seen  in  old  age.  It  sometimes  appears  to  follow  an  exf)osure 
to  eoldi  and  sometimes  it  can  be  traced  to  a  sHght  injury.  It  begins 
rather  suddenly  with  pain  in  the  shoulder-joint,  but  without  any 
swelling  or  exudation  within  the  joint  and  without  the  appearances 
of  rheumatism  or  of  arthritis.  Very  soon  any  movement  becomes 
extremely  painful,  and  as  a  result  the  muscIe^s  about  the  joint  are 
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thrown  into  a  state  of  tonic  spti^m.  Tlie  arm  is  adducted  tiglitly 
to  the  chesty  and  while  slight  forward  or  backward  motions  are 
possible,  any  attompt  at  abduction  is  followed  by  an  immediate 
contraction  in  the  pectorals  and  hitissinms  dorsi.  There  are  tender 
points  in  front  and  at  the  back  of  the  joitit,  and  pressure  of  the  head 
of  the  humerus  into  its  socket  is  very  painful  The  condition  re- 
mains for  many  w^eks,  and  as  the  result  of  the  immobility  the  del- 
toid frequently  becomes  atrophied.  Oocasionally  I  have  seen  an 
anaesthesia  in  the  circumflex  area  of  the  skin  and  such  a  rapid  atrophy 
of  the  deltoid  as  to  suggest  a  neuritis  of  the  circumflex  nerve,  but 
this  is  not  an  invariable  accompaniment  of  the  aflfeetion.  When 
there  are  no  objective  signs  of  neuritis  in  the  shoulder,  or  of  tender- 
ness about  the  ner^'cs  in  the  neck,  the  affection  may  be  thought  to 
be  hysterical,  as  neurotic  inthviduals  appear  to  be  more  subject  to  it 
than  others.  But  the  lack  of  remissions  in  the  disease  and  the  fact 
that  the  spasm  of  the  nniscles  does  not  appear  to  relax  under  chlo- 
roform— a  fact  that  I  observed  in  a  patient  who  had  an  operation 
for  cancer  of  the  breast  while  this  affection  was  in  progress — leads 
me  to  believe  that  the  spasm  is  a  reflex  one  from  the  nerves  within 
the  joint  and  that  the  origin  of  the  trouble  is  a  neuritis  of  these 
nerves.  As  any  motion  is  extremely  painful,  patients  guard  the  arm 
by  carr>^ing  it  in  a  sling  and  by  bandaging  it  to  the  chest.  They  find 
hot  applications  and  packing  in  cotton  agreealile,  and  they  usually 
obtain  considerable  relief  from  the  application  of  a  Paquelin  cautery 
to  the  front  and  back  of  the  shoulder.  It  seems  to  have  less  effect 
when  applied  over  the  region  of  the  deltoid  muscle,  Tlie  treatment 
is  restp  cauter\%  and  the  use  of  sedatives,  including  codeine,  if  neces- 
sary, for  the  pain.  When  the  acute  sjTmptoms  are  over,  massage 
of  the  muscles  may  be  attempted,  but  movement  of  the  joint  is  to 
lie  avoided,  as  it  is  liable  to  produce  a  return  of  the  spasm  in  the 
muscles.  In  all  ctises  that  I  have  seen,  recovery  has  eventually  oc- 
cun-ed,  but  from  four  to  six  months  have  elapsed  before  the  full  use 
of  the  arm  lifis  been  restored. 

Paralysis  of  the  Posterior  Thoracic  Nerve,  Injuries  to  the  side 
of  the  neck  sometimes  bruise  the  long  posterior  thoracic  nerve  which 
passes  to  tlie  serratus  nirignus  muscle.  I  liave  seen  two  cases  of 
this  kind  occurring  in  porters  w  ho  had  carried  a  piano  upon  the 
shoulder;  and  several  cases  from  injuries  to  the  side  of  the  neck. 
I  have  seen  a  case  resulting  from  the  efl'ort  of  swinging  a  hammer. 
Falls  and  blows  upon  the  neck  or  shoulder  which  cause  extreme 
extension  of  the  head  may  also  protluce  this.  And  many  cases 
have  been  noticed  after  exposure  to  cold. 

The  symptoms  of  the  disease  are  severe  pains  about  the  shoulder 
and  neck  and  total  paralysis  of  the  serratus  magnus  muscle.  It  will 
be  remembered  that  tlie  function  «>f  this  muscle  is  to  liold  the  poste- 
rior edge  of  the  shoulder-blade  against  the  chest  and  to  rotate  the 
shoulder-blade  in  the  act  of  raising  the  arm.  When  it  is  paralyzed 
the  shoulder-blade  projects  from  the  chest  like  a  wing  in  a  very  char- 
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examination  iLsiially  demonstrates  a  reaction  of  degeneration  in  the 
serratus  mageiLs  muscle.  The  motor  points  of  this  muscle  are  on 
the  side  of  the  chest  Ijeneath  the  axilla.  A  slow  recover}'  usually 
ensues,  provided  the  nerve  is  not  entangled  in  the  scar  at  the  point 
of  injury.  If  recovery  fails  to  occur  after  several  months,  a  siu'gical 
ex|>loration  is  justifiable. 

Paralysis  of  the  Musculospiral  Nerve*  This  nerv^e  is  injured 
more  often  than  any  otlier  of  the  nerves  of  the  arm,  inasmuch  ns  it 
is  exposed  in  its  passage  around  the  humeriis  just  below  the  inser- 
tion of  the  deltoid.  Pressure  of  the  head  lying  upon  the  arm,  wliich 
frequently  occurs  in  the  sleep  of  iiitcfxieation,  is  sufficient  to  cause 
musculospiral  palsy,  or  the  compression  of  nerve  in  the  axilla,  if 
during  sleep  the  arm  hangs  over  a  sharp  edge  of  a  Ijench  or  bed. 
The  pressure  of  a  crutch  may  also  produce  this  form  of  paralysis. 

Fig.  20. 
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I*TOp-wri»t  due  to  musculcwpiml  p*mlysis. 

In  Gennany  this  is  called  "'  pohce  paralysis,'*  because  of  the  method 
used  in  securing  the  arms  of  a  prisoner  by  placing  a  bar  across  his 
back  and  beneath  liis  tw<»  elliows  and  tying  the  forearms  firmly  to 
the  arms,  Gowers  describes  three  cases  which  have  followed  \iolent 
contraction  of  the  triceps — one  in  pulling  on  a  pair  of  tight  boots; 
one  in  throwing  a  st<me,  and  one  in  grasjiing  a  sup|>ort  to  prevent 
falUng.  I  have  seen  cases  wliich  have  fleveloj>ed  from  pressure 
during  a  long-continued  ana\Kthesia,  the  patient  coming  out  of  the 
amesthetic  to  find  his  arm  paralyzed.  1  have  also  seen  the  nerve 
injured  in  fractures  of  the  liumerus.  In  one  patient  the  adminis- 
tration of  a  hypodermic  injection  in  this  region  was  followed  by 
paralysis. 

The  symptoms  |>nKluced  by  musculospiral  palsy  are  drop-uTist, 
with  pronation,  due  U^  paralysis  of  the  long  extensors  of  the  wrist 
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and  long  extensors  of  the  fingers  and  thumb,  and  weakness  in  flexion 
of  the  elbow  from  paralysis  of  the  supinators.  If  the  nerve  is  in- 
jured in  the  axilla  the  triceps  is  also  paralyzed.  Sometimes  in  very 
slight  cases  the  supinator  longus  is  not  paralyzed.  The  position  of 
the  hand  in  drop-wrist  is  shown  in  Fig.  20.  The  action  of  the 
flexors  of  the  hand  is  apparently  weak  in  grasping  objects,  but  if  the 
wTist  be  extended  by  the  examiner  and  held  firmly  in  this  position, 
the  flexors  are  found  to  act  in  a  normal  manner.  The  awkward 
action  of  the  forearm  gives  the  patient  considerable  discomfort, 
especially  the  loss  of  power  of  supination.  After  the  drop-wrist  has 
continued  for  some  days  a  prominence  appears  upon  the  back  of 
the  hand  as  a  result  of  the  overflexion  of  the  wrist,  due  to  a  partial 
dislocation  of  one  of  the  bones  of  the  hand.  But  this  subsides  when 
recovery  has  taken  place.  The  muscles  paralyzed  show  the  reaction 
of  degeneration,  excepting  in  very  light  cases.  In  the  early  stage  of 
the  affection  some  tingling  and  numbness  may  be  felt  over  the  back 
of  the  hand  at  the  base  of  the  index  finger  and  thumb,  and  an  im- 
pairment of  sensibility  may  often  be  demonstrated  in  this  region. 
(See  Plate  V.)  This,  however,  rapidly  subsides.  Musculospiral 
paralysis  can  hardly  be  mistaken  for  any  other  disease,  though  drop- 
wrist  may  develop  in  any  form  of  multiple  neuritis,  especially  in  lead 
palsy.  It  is  then,  however,  bilateral,  and  the  supinator  longus  usually 
escapes. 

The  prognosis  is  good  for  recovery,  but  this  usually  requires  from 
three  to  five  months. 

The  treatment  is  that  for  ordinary  traumatic  neuritis. 

Paral3rsis  of  the  Median  Nerve.  This  may  occur  from  woimds  or 
injuries  of  the  forearm  or  of  the  brachial  plexus,  also  from  pressure 
of  a  crutch.  The  median  nerve  supplies  the  pronators,  the  flexor 
carpi  radialis,  the  flexors  of  the  fingers,  and  the  muscles  that  abduct 
and  flex  and  oppose  the  thumb  and  the  two  radial  lumbricales,  which 
flex  the  first  phalanx;  hence  this  injury  produces  paralysis  in  these 
muscles,  resulting  in  a  supination  of  the  forearm  and  inability  to  flex 
the  fingers  firmly  or  to  use  the  hand.  The  thumb  cannot  be  ab- 
ducted or  opposed  to  the  tips  of  the  fingers.  The  anaesthesia  pro- 
duced is  shown  in  Figs.  21  and  22.  Pain  is  sometimes  felt  in  the 
hand.  When  the  nerve  is  injured  at  the  wTist  the  action  of  the  long 
flexors  is  not  interfered  with,  hence  the  paralysis  is  limited  to  the 
fingers  alone.  There  is  usually  some  atrophy  of  the  thenar  muscles. 
Trophic  changes  on  the  skin  and  nails  often  occur. 

The  prognosis  and  treatment  are  in  accordance  with  ordinary 
traumatic  neuritis. 

Paralysis  of  the  Ulnar  Nerve.  The  ulnar  nerve  is  very  frequently 
injured,  as  its  course  is  an  exposed  one  at  the  elbow  and  in  the  fore- 
arm. It  may  be  affected  by  pressure  in  the  axilla  by  a  crutch,  but 
this  is  rare.  Exposure  to  wet  and  cold  often  causes  uhiar  neuritis. 
Long-continued  pressure  in  a  condition  of  anaesthesia,  or  oven  in  the 
heavy  sleep  of  intoxication,  may  cause  paralysis  of  the  nniscles  sui>- 
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plied  by  the  yliiar  iiervx^,  and  after  dislocation  and  fractures  of  the 
arm  or  forearm  it  hu.s  l>een  frequently  observed.  Callus,  after  frac- 
tures about  the  elbow,  occasionally  presses  on  and  involves  tlie  nen^e. 
The  ulnar  nerve  supj>!ies  the  flexor  carpi  ulnaris,  the  ulnar  half  of  the 
deep  flexors  of  the  lingers,  the  muscles  of  the  little  finger,  the  inter- 
ossei,  the  inner  two  lurnbricales,  and  the  adductors  of  the  thumb. 


FlQ.  2U 


Fig.  22. 


Showing  Areas  of  senaory  low  in  iDjiirie«  or  ibe  medl&D  nerre,    lIorlTiotital  lloes  sbow  total 
aunstheBla.    Vertical  Udcs sbow  p&rtlAl  an ffislhesla.    (Bowl by  } 

The  result  of  juiraly^is  of  the  ulnar  flexor  of  tlie  w!'ist  is  not  very 
manifest,  as  other  iniiseles  are  capable  of  doing  the  work  of  the  flexor 
caxpi  ulnaris.  A  paralysis  of  the  flexor  profundus  digitoruni  makes 
the  jmtient  ineaj>able  of  flexing  the  first  phalanges  of  the  little  and 
ring  fingers,  hence  there  is  no  opposition  to  their  extreme  extension, 
and  part  of  the  deformity  of  the  hand  resulting  from  ulnar  ner\"e 
palsy  (Figs.  23  and  24)  is  due  to  this  cause. 

The  chief  disability,  however,  produced  by  ulnar  nerv'e  lesions  is 
the  paralysi^s  of  all  the  intrinsic  muscles  of  the  hand  exceptiFig  the 
first  and  second  lunilnicales,  which  are  supplied  by  the  median  nerve. 
As  a  result  f»f  this  paralysis  the  use  of  the  thumb  and  fingers  is  very 
much  impaired,  the  thenar  and  hv^jothenar  eminences  become  flat 
and  flabby,  tlie  interossei  of  the  hand  're  also  atrophied,  so  that  the 
bones  and  long  tendons  of  the  fingers  stand  out  beneath  the  skin; 
and  the  little  and  ring  fingers  are  flexe<i  in  their  second  and  third 
phalanges  1)erauseof  the  inability  to  extend  them,  due  to  the  com- 
plete |>aralysis  i*f  the  interossei.  This  is  the  second  cause  of  the  de- 
formity jjroduced  in  tiie  hand.  The  extension  of  the  middle  and 
end  phalanges  of  the  <4h(T  two  fingers  is  also  considerably  impaired. 
The  ad<iuction  and  abduction  of  the  fingei^  is  completely  abolished 
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and  the  thurtib  eaimot  Ive  bniught  forward  iiecause  of  overextension 
of  its  first  phalanx  by  the  extensor  longus  pollicis. 

The  sensory  diistnrbances  produced  by  ubiar  palsy  are  tingling  and 
numbness  and  jxissibly  pain  in  the  iimer  half  of  the  hand,  in  the 
little  finger  and  one-half  of  the  ring  finger,  and  these  para^sthesia  are 
usually  attended  by  anaesthesia,  which  may  be  iota!  in  the  little 
finger,  hut  is  only  partial  in  the  hand  and  ring  fingei-s. 


Fia.  28. 


Fro,  24. 
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fiiiowliig  f^inwrjr  loss  litid  ftbnorraal  posaion  ftfler  Injuries  of  the  altiftr  ucrre.    (Bowlby.) 

The  sensory  disturbance  is  not  always  a  total  one,  sensations  of 
temperature  and  pain  being  ver>^  oft4?n  retained  when  the  sensation 
of  touch  is  lost.  Trophic  disturbances  are  verj^  liable  to  o(*cur  in 
the  aiuesthetic  region  of  tlie  skin. 

The  prognosis  and  treatment  are  tliose  of  general  neuritis. 

Neuritis  of  the  Lumbar  Nerves,  The  anatomy  of  the  lumbar 
an(i  sacral  plexus  is  shown  in  Plate  VI, 

The  lumbar  plexus  supplies  the  flexors  and  alxluctftrs  of  the  thigh, 
the  extensors  of  the  knee  and  the  cremaster  muscle.  Its  sensory 
distribution  is  sho\\Ti  in  Plate  V, 

The  lumbar  plexus  rarely  suffers  from  neuritis,  as  it  is  well  j)ro- 
tected  from  cold  or  from  external  injury.  But  tumors  within  the 
spinal  canal,  tumors  in  the  abdomen,  cancer  of  the  spine,  and  psoas 
abscesses  occasionally  set  up  a  neuritis  or  cause  pressure  on  the 
nerv^es  of  the  plexus.  I  have  seen  several  cases  following  operations 
for  appc»ndicitLs  where  filaments  of  the  nerves  were  di\dded. 

The  symptoms  may  lie  limited  to  one  or  two  muscles,  such  as 
those  supplied  by  tlie  obturator  ner^'e,  or  the  anterior  crural  nerve, 
or  may  be  widespread.  In  the  first  Ciise  the  legs  cannot  be  crossed, 
as  the  abductors  of  the  thigli  are  paralyzed  and  rotation  of  the  leg 
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is  inipairrd.  In  the  srcontl  case  the  extensors  of  the  knee  are  weak 
and  atro])lMed  and  the  knee-jerk  is  lost.  In  both  crises  the  inability 
is  marked  in  walkin^^,  and  the  patients  move  with  difficulty.  There 
is  usually  jjain  in  the  groin  an<l  thigh,  and  suinetitues  this  shoots 
dow^nward  into  tlie  genital  legion.  There  may  be  tenderness  along 
the  course  of  the  anterior  enu'al  nerve.  The  degree  of  aniesthesia 
in  the  skin  is  slijo^ht,  but  tingling  and  nuD)l>nes8  are  felt  in  the  sensory 
distribution  of  the  plexus. 

Paralysis  of  the  External  Cutaneous  Nerye.  The  external  cuta- 
neous nerve  of  the  thigh  sui>plies  the  skin  over  the  outer  portion  of 
the  thigh,  from  the  line  <>f  the  trochanter  downward  to  the  knee. 
Occasionally  this  nerve  is  diseased  and  then,  as  a  rule,  there  is  a  sensa- 
tion of  pain  in  its  distribution,  whicli  is  attended  by  para^sthesia  and 
by  dimiiuition  of  sensiliility  in  the  skin.  The  affection  runs  the 
ordinary  course  of  a  neuritis,  and  should  be  treated  as  a  peripheral 
neuritis.  Attention  was  first  called  to  it  by  Bcriiliardt,  and  hence 
it  has  been  termed  ''  Bernhardt 's  Paralysis/' 

Neuritis  of  the  Sacral  Plexus  is  a  rare  afiVetion  and  is  nsuatly  due 
to  injury  of  the  saeral  plf^xus  t hiring  a  difficult  labor,  I'^very  ob- 
stetrician has  observetl  a  number  of  eases  m  which  during  a  dehiyed 
or  difficult  lal>or,  the  woman  has  been  seized  with  sudden  severe 
patiis  in  one  leg,  usually  in  the  back  of  the  leg,  and  often  below^  the 
knee,  and  has  suffered  from  a  flexor  spasm  of  the  leg  for  some  hours 
during  labor.  A  day  or  two  after  delivery  jjaralysis  of  the  nmscles 
of  the  leg  below  the  knee  develops,  and  also  aconcUtion  of  ana'sthesia 
extending  down  t!ie  l)ack  of  the  thigh  and  around  tlie  outer  side  of 
the  leg  and  Into  the  ftx>t.  In  some  eases  the  liruising  of  tlie  nerve 
is  a  slight  one  and  all  tlie  symptoms  subside  witliin  three  or  four 
weeks.  In  other  cases  the  injury  is  more  severe,  and  months  elapse 
before  the  [)aralysis  subsides  aoci  the  patient  is  a!>le  to  walk.  It  is 
to  be  remembered  that  conditiiuis  of  jiaralysis  may  follow  lal>or  from 
anaemic  states  of  the  spuial  cord  or  from  an  infectious  nudtij)Ie  neu- 
ritis. These  conditions,  however,  produce  paralysis  in  both  legs, 
while  the  disease  under  discussion  is  alwa}*!?  urulaterab  In  sacral 
plexus  paralysis  the  functions  of  the  bladder  and  rectum  are  usually 
normal,  and  the  symptoms  of  neuritis,  paiiu  tenderness,  jiaralysis, 
reaction  of  degeneration,  are  limited  to  the  distribution  of  the  sciatic 
nerv^e.  Tumors  in  the  pelvis  and  caries  of  the  sacnim  produce  the 
same  condition. 

Keuritis  of  the  Sciatic  Nerve.  Sciatica,  or  neuralgia  of  the  sciatic 
nerve,  is  considered  on  page  93,  but  there  are  many  eases  of  so-called 
neui'algia  wliich  are  actually  due  to  neuritis,  and  tht^re  are  cases  of 
neuritis  of  the  sciatic  nerve  which  develop  without  any  preced- 
ing neuralgia.  The  disease  nifiy  be  jirodoced  Ijv  any  one  of  the 
many  causes  of  neuritis  and  neuralgia^  but  seems  to  he  more  com- 
mon as  a  seiiuel  of  the  gripjie  than  of  any  other  infectious  disease, 
and  it  also  occurs  with  great  frequency  in  gout>^  and  antemic  indi- 
viduals. 


INJURIES  OF  SPECIAL  NERVES  AND  NEURITIS,  73 

Symptoms.  The  symptoms  are  pain  in  the  entire  domain  of  the 
sciatic  nerve  and  tenderness  along  the  course  of  the  nerve,  which  is 
not  to  be  confounded  with  the  existence  of  tender  spots  at  Valleix's 
points  present  in  sciatica.  The  nerve  is  found  to  be  tender  in  its 
entire  length  and  not  infrequently  locaUzed  swellings  can  be  detected 
by  palpation.  The  pain  is  usually  constant  as  contrasted  with  the 
paroxysmal  attacks  of  neuralgia.  The  patient  is  never  able  to  get 
into  an  easy  position  so  as  to  be  free  from  pain.  There  is  great 
restlessness  and  uneasiness  in  the  entire  limb,  and  all  movement  is 
extremely  distressing.  Walking  can  only  be  done  with  difficulty  and 
pain  and  has  to  be  avoided.  Very  often  an  actual  paralysis  develops 
in  the  muscles  supplied  by  the  sciatic  nerve,  namely,  those  below  the 
knee,  and  an  atrophy  with  reaction  of  degeneration  may  develop. 
Not  infrequently  the  pain  of  the  neuritis  gives  rise  to  reflex  spasms 
in  the  muscles,  and  such  twitchings  of  the  muscles  of  the  leg  are 
liable  to  be  exceedingly  distressing  and  painful.  The  leg  is  fre- 
quently hot  and  the  secretion  of  perspiration  may  be  increased. 
I  have  occasionally  seen  glossy  skin  upon  the  outside  of  the  leg  and 
upon  the  foot  and  irregular  growth  of  the  toe-nails.  The  disease  is 
very  slow  in  its  progress,  and  often  remains  for  months  before 
recovery  follows. 

Treatment  consists  of  hot  applications  to  the  leg,  which  must  be 
kept  at  rest,  the  patient  being  confined  to  the  bed  and  the  position  of 
the  limb  changed  frequently  by  the  aid  of  numerous  small  pillows.  It 
is  a  mistake,  in  my  opinion,  to  apply  a  long  splint  to  the  limb,  as  has 
been  recommended  by  Hammond,  inasmuch  as  the  strained  position 
produces  very  great  disturbance  and  discomfort.  The  tenderness  of 
the  limb  secures  a  sufficient  amount  of  rest  to  the  part  without  this 
enforced  bandaging.  Hot  applications  may  be  kept  up  by  poultices 
or  by  the  use  of  hot  bottles,  but  great  caution  is  to  be  used  in 
appljdng  the  latter,  to  avoid  blisters  or  serious  burns,  inasmuch  as 
the  skin  may  be  insensitive  below  the  knee.  Some  patients  expe- 
rience relief  from  the  use  of  electricity,  the  continuous  galvanic 
current  being  employed,  with  the  positive  pole  over  the  painful 
nerve,  the  negative  pole  being  placed  upon  the  back.  The  best 
method  of  treatment,  however,  is  by  means  of  the  actual  cautery, 
which  often  gives  relief  from  the  pain  for  several  hours,  so  that  the 
patients  are  glad  to  have  the  application  repeated,  even  though  it  is 
painful.  The  various  forms  of  hydrotherapy,  especially  a  hot  (louche 
in  a  bath,  are  of  service.  As  in  the  treatment  of  brachial  neuritis, 
sedatives  may  be  used  freely.  Hypodermics  of  cocaine  in  the  upper 
part  of  the  nerve  are  often  better  than  morphine.  When  the  condi- 
tion is  not  improved  by  such  treatment,  puncture  of  the  nerve  by  a 
needle  has  been  known  to  give  relief,  probably  by  allowing  fluid  to 
escape  from  the  sheath.  Several  needles  may  be  pavssed  into  the 
nerve  and  allowed  to  remain  for  an  hour.  This  must  be  done  with 
great  care  so  as  to  be  aseptic.  In  chronic  cases  stretching  the  nerve 
has  been  done  with  some  good  results,  but  too  much  should  not  be 
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l)r(rrnised,  as  the  operation  is  imcertaio.  The  sciatic  may  be  stretched 
witliout  an  operation,  the  leg  being  extended  and  the  thigh  forcibly 
11exe<!  on  the  trunk.  Tiiis  is  usually  a  very  painfiil  proceduiT,  re- 
qiiiriog  an  anaesthetic.  It  is  occasionally  of  benefit  in  those  cases 
where  an  interstitial  neuritis  has  caused  adhesions  between  the 
nerve  and  its  slieath. 

Paralysis  of  the  External  Popliteal  Nerve,  The  external  pop- 
liteal hraneli  of  the  sciatic  nerve  in  its  pa.ssage  around  the  fibula  is 
exposed  to  injiirj^  eitlier  directly  from  preasure,  as  by  a  tight  garter, 
or  from  external  wounds,  or  from  dislocation  or  fracture  of  the  fibula. 
The  result  of  sucli  injury  is  a  paralysis  of  the  tibialis  anticus,  of 
the  long  i>eronei  nuiseles  in  the  leg  and  of  the  extensors  of  the  toes, 
causing  a  dropping  and  adduction  of  the  foot  and  toes  and  lameness 
in  walking.  The  entire  leg  is  raised  so  that  the  toes  do  not  trip  the 
walker.  Atrophy  soon  follows  with  reaction  of  degeneration.  There 
may  be  a  loss  of  sensation  in  the  outer  side  of  the  leg  and  on  the  back 
of  the  foot.  Prognosis  and  treatment  are  the  same  as  in  otlier  forms 
of  traumatic  neuritis. 

Paralysis  of  the  Internal  Popliteal  Nerve  is  much  more  rare,  as 
it  is  ])rotected  1)\'  its  deep  jiosition  under  the  knee.  Occasionally  it 
is  strained  or  wouniled.  Tlien  paralysis  of  the  imiscles  of  the  calf 
of  the  leg  and  of  the  sole  of  the  foot  causes  much  difficulty  in  walk- 
ing. The  ])atient  cannot  rise  on  the  toes  or  flex  the  ankle  or  toes. 
There  may  be  pain,  numbness,  or  aniesthesia  in  the  outer  part  of  the 
foot  and  in  the  sok^ 

Neuritis  of  the  Plantar  Nerves*  The  finer  l)ranches  of  the  plantar 
nerves  are  not  infrequently  affected  by  neuritis.  Such  neuritis  may 
ho  traumatic  from  w^alking  in  ill-fitting  shoes,  or  upon  very  rough 
ground  for  an  mmsual  length  of  time.  It  may  be  due  also  to  taking 
cold,  as  when  a  person  stands  for  some  hours  in  the  wet^  or  has  the 
feet  chilled  and  frozen.  The  symptoms  are  pain  along  the  course 
of  the  nerves,  I>etween  the  long  liones  of  the  foot,  great  tenderness 
to  pressure,  antl  inability  to  endure  the  pressure  of  the  shoe  and 
inability  to  %\'alk  on  account  of  the  i)ain.  Gowers  jiointed  out  the  fact 
that  propulsion  of  the  body  forward  is  done  by  pressure  on  the  toes, 
and  that  w^hen  they  are  paralyzed  the  act  of  w^alking  is  seriously 
impedetl.  Not  infrequently  irregular  areas  of  amesthesia  may  be 
found  in  the  sole,  and  the  patient  suffers  from  prickling  and  burning 
pain,  ns  well  as  from  sharp  neuralgic  pains.  The  sensory  symptooiis 
may  be  associated  with  motor  sj^mptoras  of  paralysis  of  the  intrinsic 
muscles  of  the  foot,  so  that  the  toes  camiot  i>e  moved  freely  and  the 
foot  may  become  quite  thin  in  consequence  of  the  atrophy.  Reac- 
tion of  tlegeneration  is  not  infrequently  present.  The  affection  must 
be  treated  by  rest  in  lierb  the  patient  not  being  allowed  to  w\alk  about; 
by  local  ajjjjiications  of  heat,  and  Ij}^  the  general  measures  recom- 
mended for  the  treatment  of  neuritis. 

Morton's  Toe.  In  some  persons  the  second  digital  branch  of  the 
intiToal  plantar  ner\'e  in  its  passage  between  the  enlarged  ends 
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of  the  first  and  second  metatarsal  bones  is  compressed  by  anjrthmg 
which  brings  these  two  bones  in  close  apposition.  In  others,  any 
one  of  the  digitul  nerves  is  similarly  liable  to  be  compressed. 
It  seems  probable  that  a  congenitally  abnormal  position  of  the 
nerve  is  the  predisposing  cau-^e  of  this  affection.  The  disease 
develops  in  adults,  and  is  u.snally  the  consequence  of  wearing 
shrjes  that  are  too  narrow.  The  i>atient  will  be  seized  with  a 
sudden  sharp  pain  betw^een  the  great  and  second  toes,  or  between 
other  toes,  which  is  so  agonizing  in  character  as  to  prevent  his 
taking  another  step,  and  which  lant.s  until  tlie  shoe  is  removed  and 
by  a  certain  amount  of  mamj>ylation  the  bones  are  separated  and 
the  pressure  removecL  But  such  attacks  are  hable  to  recur  wdth 
great  frequency,  and  to  give  rise  to  such  distress  and  inability  to 
walk  as  to  require  treatment.  The  cUsease  is  piu*ely  mechanical  in 
its  origin,  and,  therefore,  anytliing  wliich  removes  the  pressure  or 
which  prevents  the  recurrence  of  the  pressure  will  cure.  In  some 
cases  it  is  sufRcient  to  proscribe  a  very  ^%ide  shoe.  In  others  it  is 
necessary  to  insert  pads  and  strap  them  with  adhesive  planter  to  the 
foot  in  such  a  position  as  to  keep  the  metatarsal  bones  separated, 
Flatfoot  may  be  the  caiLse,  and  if  corrected  the  pain  may  be  obvi- 
ated. But  in  some  cases  all  these  mechanical  contrivances  fail  to  give 
rehef,  and  then  resort  to  surgical  treatment  may  be  necessary, 
Morton  was  the  first  to  operate  for  this  condition,  and  hence  it  has 
been  named  after  liim.  Tlie  ojjeration  ma\^  consist  in  a  division  of 
the  nerv^e  above  the  point  of  pressure,  by  an  exsection  of  a  portion 
of  the  nerve,  but  intismuch  as  regeneration  is  sure  to  occur,  tliis 
operation  is  unsatisfactory.  The  operation  devised  by  Morton  was 
exsection  of  the  end  t>f  tlie  metatarsal  bone  causing  the  pressure, 
and  this  has  uniformly  given  relief. 


TUHOBS  OF  THl  NIRVES, 


Neoroma*  Any  form  of  tumor— fibroma,  angioma,  sarcoma,  etc., 
— may  develoi>  within  a  nerve  sheatli  or  upon  it  and  thus  produce 
an  apparent  tumor  of  the  nerve.  In  sucli  cases  the  nerve  fibres  may 
pass  through  tlie  tumor  or  may  be  dissected  apart  by  it  and  pass 
around  it.  Such  tumors  have  l>een  termed  false  neuromata,  for  thej^ 
are  not  made  up  of  nerve  cells  or  filires.  But  the  fibres  may  become 
pressed  by  the  new-growth  and  undergo  degeneration.  And  the 
symptoms  and  course  of  the  case  under  such  conditions  will  be  ex- 
actly such  as  have  been  already  considered  under  compression  of  the 
nerves.  Fig.  25  shows  such  false  neuromata,  which  are  very  often 
multiple,  as  in  this  case. 

Neuroma,  or  a  tumor  consisting  of  nerve  til^res,  tii-st  described  by 
Virchow,  is  a  rare  form  of  tumor  The  fil>res  of  which  it  consists 
maybe  medullated  or  non-meduUated;  nen^e  cells  are  not  found 
ill  such  tumors:  connective  tissue  exists  Ln  greater  or  less  degree,  so 
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that  some  tumors  are  neiiro-tihromata.  There  appears  to  be  a  ten- 
dency for  siieh  tmnurs  to  hv.  multiple,  and  in  the  large  majority  of 
the  recorded  eases  hundreds  nf  minute  tumors  have  developed. 
Occasionally  the  tumors  have  been  large,  but  usually  they  are  the 
size  of  a  pea.  When  they  appear  on  the  sensory  nerves  of  the  skin 
they  are  easily  felt  and  are  usually  tender.  Under  these  circum- 
stances they  have  been  called  ''  tubercula  dolorosa."     I  have  seen  a 

Fro.  25. 


^'  .>x  > 


Multiple  nerom&ia.    Nervei  of  the  aria^-the.lumbiir  pleiiw,  and  the  ftcinclc  nerve.    Speciinen 
fmm  the  MuAeum  of  ihe  College  of  Phy»icmii«  aud  i^nrgeons. 


patient  with  more  than  a  hundred  such  tmnors  distributed  over  the 
entire  body,  Hoggan  has  shown  that  some  timiors  of  this  descrip- 
tion were  adenomata  of  the  sweat  glands.  That  some  congenital 
tendency  to  the  multiplication  of  nerve  fibres  is  at  the  basis  of  this 
affection  is  proved  ljy  the  fact  tluit  nmny  of  the  cases  reported  have 
been  in  children.  Thus  in  the  s^j-called  plexifonn  neuroma  of  the 
fifth  nerve  the  disease  is  usiudly  ccjngenital  and  other  nerves  have 
been  affected  later  in  life.  The  tumors  attain  a  certain  size  and  then, 
as  a  rule^  cease  to  grow;  the  condition  remains  permanent  until  death 
from  some  other  cause. 
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In  the  majority  of  cases  no  symptoms  are  caused  by  neuromata, 
as  the  nerves  on  which  the  tumors  develop  are  not  affected  by  the 
growth.  The  tmnors  may  be  felt  and  may  be  tender  to  pressure, 
but  are  not  subject  to  treatment  and  cannot  safely  be  removed,  as 
they  are  so  numerous  and  as  the  nerves  may  be  cut.  Occasionally 
pain,  hypersesthesia,  and  numbness  are  caused  by  neuromata. 

There  is  one  form  of  neuroma  which,  however,  requires  special 
mention.  It  is  the  neuroma  which  develops  on  the  cut  end  of  a 
divided  nerve,  either  after  an  amputation  or  after  an  injury  without 
imion.  Such  a  neuroma  may  be  extremely  painful  and  tender  and 
may  cause  pains  referred  to  the  peripheral  termination  of  the  nerve, 
and  also  spasms  in  the  muscles  related  to  these  terminations.  In 
such  cases  excision  is  imperative,  but  recurrence  is  not  infrequent. 

In  one  patient  under  my  observation,  who  suffered  from  great 
pain  referred  to  the  toes,  for  many  years  after  an  amputation  of 
the  1^  above  the  knee,  excision  of  the  neuroma  on  the  sciatic 
failed  to  give  relief.  A  portion  of  the  sciatic  nerve  in  the  thigh  was 
then  excised,  but  this  also  failed  to  stop  the  pain.  In  this  case  it 
seemed  probable  that  atrophic  changes  had  occurred  in  the  spinal 
cord,  such  as  are  known  to  follow  amputations,  and  that  these  had 
involved  not  only  the  anterior  horns,  but  also  the  sensory  columns. 


CHAPTER  IV 

NEURALGIA. 


Patholcig3%     Eliolog>% 


Symptoma,     Treatraeot,     Special  Forms  of  NeuraJgin, 
Referred  Pains. 


Neuralgia  is  a  disease  of  a  sensory  nen^e  characterized  by  pain  in 
the  course  of  the  nerve  or  in  its  peripheral  distribution. 

Pathology.  As  fatal  cases  are  rare  no  autopsies  are  on  record. 
But  surgeons  have  cut  out  both  nerv^'es  and  ganglia  for  the  relief  of 
neuralgia,  and  from  the  examination  of  these  much  information  has 
been  obtained  concerning  tlie  patiiology  of  the  disease.  All  the 
various  processes  of  neuritis^  with  degeneration,  and  atrophy  in  the 
nerve  fibres  have  been  seen.  Bvit  the  more  important  lesions  appear 
to  be  in  the  neurone  bodies  which  lie  in  the  gangha.  These  neurone 
bodies  have  been  found  in  different  stages  of  degeneration,  with  chro- 
matolysiBp  vacuolization,  and  atro]:>hy.  Sc^me  neurones  stain  only 
faintly  and  are  most  irregular  in  outline,  being  so  shrunken  as  to  leave 
the  s[>ace  in  which  they  lie  almost  empty.  Some  neurones  are  very 
small,  without  nucleus  or  nucleolus.  The  fibres  within  the  gangUon 
are  often  swollen,  the  medullary  s^heath  is  (Usintegrated,  the  axone  is 
grannlar.  In  other  fibres  the  sheatii  is  full  of  a  disintegrated  mass 
in  w^hich  the  axone  cannot  be  distinguished.  In  still  others  the 
sheath  is  empty.  These  changes  are  shown  in  Plate  III.  The 
connective  tissue  alx>ut  the  neurone  bodies  and  also  about  the 
fibres  has  been  found  to  be  increased  in  tlensity,  Tlie  small 
bloodvessels  in  the  ganglion  are  sometimes  closed  by  the  prolifer- 
ating tissue  in  their  walls»  and  all  forms  of  atheroma  and  sclerosis 
have  been  seen  in  the  larger  vessels.  These  changes  are  shown 
in  Plate  VH.,  taken  from  Keen  aiu!  Spiller.*  Other  authors  have 
found  marked  thickening  of  the  walls  of  the  l:>loodvessels  which 
he  in  the  endoneurium  of  the  affected  nerves,  and  tiiis  thickening 
may  be  present  both  in  the  media  and  intima.  In  many  cases  true 
atheromatous  degeneration  of  the  smaller  arteries  lias  been  found. 
Similar  changes  have  be<m  found  l->y  Thomfis  in  the  ganglia  on  the 
posterior  nerv^e  roots  in  the  early  stage  of  tabes  (see  Chapter  XVII.), 
and  that  disease  begins  with  neuralgic  pains.  In  cases  of  neuralgia 
attended  by  herpes,  hemorrhages  have  been  fomid  in  the  ganglia. 
It  is,  therefore,  probable  that  neuralgia  has,  in  every  chronic  case, 
some  organic  lesion. 


*  Keen  and  Spiller.    '*  On  Resection  of  the  Gasserian  Ganglion/'  American  Jounial 
of  the  MedicaJ  Sciences,  November,  1898. 
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\\Tule  tba^e  changes  are  cliaraeteristio  uf  rlimni*^^  and  loug-stand- 
ing  eases  of  neuralgia,  es|>eciaHy  in  cases  of  trigeminal  neuralgia, 
it  if*  not  to  be  tliouglit  that  they  are  present  in  the  aeute  and 
transient  cases.  They  are,  however,  indications  of  a  long-continued 
maJniitrition,  and  hence,  wf  may  conclude  that  in  the  acute  cases 
some  temporary  malnutrition  of  the  sensory  neurones  is  present. 

Etiology.  Neuralgia  may  he  flue  to  toxic  agents  of  external  or 
of  internal  origin:  organic  or  inorganic;  causing  an  irritation  of  the 
neurones,  or  eif  their  axones.  It  may  be  caused  by  congestion, 
without  or  v^ith  a  serous  exudation  in  the  sheath  of  the  nerve,  and 
consequent  compression  and  irritation  of  the  nerve  fibres.  It  is 
often  due  io  disease  in  tlie  Ijloodvessels  accompanying  the  nen^e, 
which  prevents  those  processes  of  osmosis  necessary  to  proper  nutri- 
tion. It  is  also  the  first  S}inptom  of  organic  disease  in  the  nerve 
fibres,  or  in  the  endoneurium,  of  a  primary  inflammatory  character, 
since  many  ca^es  of  neuritis  are  preceded  by  attacks  of  neuralgia. 
It  not  uncomnK>nly  develops  in  nerves  which  pass  through  or  near 
organs  which  are  the  seat  of  disease.  And  it  is  a  frequent  mani- 
festation of  certain  disorders  of  nutrition,  indigestion,  stomach  or 
intestinal  fermentation,  rheimiatism,  gout,  diabetes,  ana?mia,  chlo- 
rosis, as  well  as  of  the  various  infectious  diseases,  especially  malaria 
and  syphihs. 

The  majority  of  autliorities,  however,  do  not  regard  neuralgia 
as  nec^essarily  a  peripheral  disease,  although  its  manifestations 
are  peripheral  The  sensory  nerves  send  their  impulses  inwjird 
to  the  gray  matter  of  the  sjanal  cord  or  brain  axis,  where  such  im- 
pulse-s  are  primarily  received  in  a  peculiar  sutistance — the  gelatinous 
substance  of  Rolando^ which  ajqiears  to  be  a  fine  felt-like  structure 
containing  many  minute  cells  or  nuclei.  Thence  these  impulses  are 
sent  up  by  the  central  sensory  tracts  to  the  cerebral  cortex,  where 
they  are  consciously  i)erceived.  An  irritation  in  the  gelatinous  sub- 
stance or  in  the  central  tracts  is  capalile  of  producing  pain  referred 
to  the  periphery,  as  many  cases  of  organic  disease  in  these  parts 


nESCRIFTlON  OF  PLATE  VII. 

ft©,  r— Portion  of  the  il»&^crli4n  jranRlion  mi  ihe  entrance  of  the  Lhinl  branch  of  the  tr1fa<?ial 
nerte.  The  aiednlkry  ^btaths  ure  inc«t  lrregtil*rly  swoHeii^  tiud  *t  the  right  of  Ihe  field  empty 
tttrve  ftbeatUi  mre  wweu  iitneihrid  of  A£(:iuta> ). 

Fig.  2,--PonioD  of  the  set^md  branch  of  the  trigeminal  nerve  ne«r  the  Ga^aerlan  ^ngllon.  The 
«tii  cyUadere  hare  entirrly  rKi^uppeared,  and  the  medullary  abeatha  are  greatly  swollen.  In  nmny 
fUafuss  the  ciedulUf;  substance  of  two  or  more  nerve  ilbres  bai  utiited  Into  Irregularly  shaped 


F)o.  l>-i.»iie  of  the  nerve  bundles  with  in  the  Qasseiian  ganglion.  NutnerotiB  swollen  and  Irregu- 
larly fortued  AzU  cjllmlers  may  be  seen.  In  mosit  porttnnn  of  the  field  these  appear a&  drops  of  a 
fvd.  hyaUne^Uke  imbacanee^  but  in  one  p^ortlon  an  axiB  cylinder  of  considerable  k ogth  nmy  be  seen. 

Fio.  4  —Bloodvessels  from  the  Gemseriau  ganglion.  The  walls  are  gristly  thickened,  and  ibe 
lomen  <if  the  hifKe  vt-aiel  has  been  aVmoat  entirely  obliterated.  In  one  place  the  innermost  layers 
of  ibe  rv>v9ti  hare  onntractetl  from  the  outer  during  the  process  of  hardening.  Smaller  vessels  In 
tli#  upfflTf  \mn  of  the  tWId  are  entirely  closed. 

fi%i.  b'-K  nerve  burulle  ol  the  irigeminua  ctoi^e  to  the  Gasseriao  gmngUoD.  Only  a  f^w  aerve 
i  sj«  pfesrot,  and  everywhere  au  abundance  of  connective  tissue  is  seen.  Tbre«  maoh  swollen 
r  sbeaibs  arr  In  the  field. 
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prove.  Hence  it  has  been  thought  that  .some  dii^turbance  in  nutri- 
tioti  of  the  central  sensory  region  is  the  usual  eause  of  neuralgia, 
and  this  theory  receives  support,  as  Gowers  has  held,  from  the  facts 
that  pain  may  be  felt  in  adjacent  paits  of  several  nerve  regions,  may 
radiate  into  adjacent  nerve  regions,  or  may  be  felt  in  a  region  not 
that  of  the  irritated  nerve. 

Neuralgia  may  be  hereditary.  It  rarely  develops  during  childhood, 
but  from  youth  up  to  old  age  no  one  is  exempt.  Women  appear  to 
suffer  more  than  men.  It  occurs  more  frequently  in  nervous  and 
hysterical  individuals,  and  emotional  excitement  is  said  to  be  a 
cause.  It  is  ]»articularly  frequent  in  sensitive  persons  in  a  climate 
where  dampness  is  common.  Attacks  bear  a  distinct  relation  to 
atmospheric  changes ;  a  low  barometer,  a  high  degree  of  Inmiidity, 
and  a  falling  tem])erature  combioed  are  often  exciting  causes. 

C-ertain  electric  states  of  the  atmosphere,  of  w*hic!i  as  yet  we  have  no 
precise  knowledge,  and  no  means  of  reconling^  are  capable  of  causing 
attacks;  and  i>ersons  who  are  subject  to  neuralgia  are  conscious 
of  sensations  wiiich  coincide  with  clianges  in  electrical  tension. 
Thus  many  persons  are  warned  by  a  neuralgic  attack  of  the  coming 
of  a  thunder  shower,  or  of  a  severe  storm,  some  hours  before  it 
arrives.  Attacks  occur  with  much  greater  frequency  in  winter  than 
in  sunnner,  Exposm*e  to  cold  is  the  najst  common  cause  of  an 
attack,  and  when  a  nerve  is  painful  a  draught  of  air  oft^n  causes  a 
sudden  paroxysm,  while  heat  almost  imifonnly  relieves.  Patients 
are  usually  hypersensitive  to  cold  in  the  painful  area  and  instinc- 
tively protect  it  w-hen  exposed. 

Symptoms,  The  symptom  of  neuralgia  is  pain.  This  is  sharp, 
sudden,  shooting  along  the  nerve,  and  transient,  lieing  succeeded  by 
an  interval  of  freedom.  The  pain  is  often  accompanied  l>y  numb- 
ness, tingling,  or  bin^ning  in  the  surface  to  wiiich  the  sensory  nerve 
goes;  and  after  a  time  it  is  fr>llowed  by  ^i  tender  sensitiveness  of  this 
part  and  also  of  the  entire  nerve  trunk.  Pressure  on  the  nerve 
elicits  unusual  tenderness  and  starts  an  attack  of  ] lain.  Sometimes 
the  |>ain  is  so  severe  as  to  cause  reflex  or  aotomatic  spasms  in  muscles 
whose  motor  centres  are  in  close  rehition  to  the  sensory  root  involved. 
Thus  trigeminal  neuralgia  often  causes  a  twitching  of  the  eyes  and 
face;  intercostal  neuralgia,  a  bencUng  of  the  entire  trunk;  sciatica, 
a  drawing  up  of  the  leg.  Any  movement,  especially  if  sudden,  is 
liable  to  start  a  paroxysm  of  pain,  hence  patients  instinctively  keep 
quiet,  move  cautiously,  and  iwiml  effort.  Sometimes  vasomotor 
and  trophic  disturbances  attend  or  follow  a  neuralgic  attack.  Such 
are  flusliing  of  the  surface,  unusual  sweating,  or  herpetic  eruptions 
on  the  skin,  or  failing  of  the  hair,  A  distinct,  unusual  pulsation  in 
the  vessels  of  the  jjainful  region  or  nerve  can  often  lie  felt,  A  slight 
swelling  of  the  i)ainfu!  region  may  also  occur. 

The  course  of  the  disease  is  very  variable.  The  i>ain  occurs  in 
paroxysms  and  these  vary  in  severity  and  duration.  The  pain 
may  come  every  few  seconds,  lasting  several  sectjuds,  for  many 
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hours.  Such  an  attack  may  recur  regularly  every  day  at  a  definite 
hour.  It  often  subsides  at  night,  though  this  is  not  uniformly 
the  case,  and  in  some  patients  the  pain  is  worse  at  night.  Attacbj 
rarely  continue  for  more  than  three  or  four  days  when  they  are 
succeeded  by  a  free  interval  of  several  days,  weeks,  or  even 
months.  Some  women  suffer  from  neuralgia  with  each  menstrual 
period. 

The  tendency  to  a  recurrence  after  one  attack  is  well  known,  and 
almost  everyone  is  conscious  of  some  nerve  in  his  body  of  little  re- 
sistance, liable  to  give  him  pain  when  he  is  ill  A  person  who  has 
such  a  tender  nerve  rarely  suffers  from  neuralgia  in  other  nerves, 
and  neuralgia  is  rarely  bilateral.  Occasionally  it  develops  in  differ- 
ent nerves  at  different  times.  If  there  is  discovered  a  cause  which 
can  be  removed,  which  is  rarely  the  case,  treatment  of  a  rational 
nature  can  be  instituted.  But  in  the  majority  of  cases  palliative 
remedies  have  to  be  employed. 

Treatment.  The  causal  treatment  of  neuralgia  consists  in  elimi- 
nating all  factors  capable  of  producing  the  disease.  These  have  been 
mentioned  in  discussing  the  etiology.  Everything  which  tends  to 
build  up  the  strength  and  health  of  the  patient;  a  life  with  interests 
but  without  anxiety ;  a  healthful  regimen  with  proper  diet  and  exer- 
cise ;  daily  baths,  either  cold  or  hot,  followed  by  cold  sponging ;  regula- 
tion of  the  digestive  functions  and  of  the  bowels;  washing  the  kidneys 
out  by  drinking  an  excess  of  water;  and  adding  to  the  diet  those 
tonic  medicines  which  occasionally  strengthen  the  nervous  system, 
such  as  cod-liver  oil,  quinine,  strychnine,  iron,  arsenic,  and  the 
glycero-phosphates  will  eventually  help  to  cure  neuralgia.  When 
any  suspicion  of  infection  arises,  especially  when  malaria  is  detected, 
a  mercurial  purge  followed  by  quinine  in  large  doses  (20  grains),  or 
by  Warburg^s  tincture  (3ij)  (which  I  consider  superior  to  quinine  in 
many  types  of  neuralgia),  will  give  relief.  The  quinine  or  Warburg's 
extract  should  be  given  in  large  doses  four,  and  again  three,  hours  be- 
fore the  attack  of  neuralgia  is  due.  In  the  malarial  tyi)e  a  distinct 
periodicity  in  the  attack  is  so  common  that  this  time  can  easily  be 
reckoned.  A  small  dose  of  the  drug  may  be  used  between  the 
attacks  at  intervals  of  six  hours.  When  syphilis  is  suspected  as  a 
cause  (and  in  such  cases  the  attack  usually  occurs  in  the  afternoon), 
mercurials,  combined  with  large  doses  of  iodide  of  potash,  are  indi- 
cated. 

In  many  cases  of  obstinate  neuralgia  climatic  conditions  must  be 
considered,  and  very  often  a  change  of  air  will  be  of  great  benefit. 
A  sojourn  at  the  seashore,  or  in  the  mountains,  according  to  the  ex- 
perience of  the  patient  as  to  the  benefit  previously  derived  from 
travel,  will  often  appear  to  start  a  cure.  The  regime  of  a  sanitarium, 
or  water-cure,  as  well  as  the  change  of  air,  change  of  habits  and 
surroundings,  and  freedom  from  work  or  home  care,  are  of  great 
benefit  to  many  patients.  And  if  this  can  be  combined  with  foreign 
travel  by  sending  patients  to  some  health  resort  abroad,  much  relief 
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T^iU  be  obtained L     The  dry  climate  of  the  Nile,  tlie  rmetieci  iiir  of  the 
Engadine,  or  high  S\\iss  valleySj  or  Colorado,  are  ven^  beneficial. 

The  palliative  treatment  of  neuralgia  will  1m^  considered  in  dis- 
cussing the  special  fornis  of  tlie  disease. 


SPEOIAL  rOEMS  OF  NEURALGIA, 

Trigeminal  Neiiralgia.  Neuralgia  of  the  fifth  nerve.  Tic  dou- 
loureux.    This  is  the  most  coininon  form  of  neuralgia. 

Etiology.  Women  are  more  subject  to  trigeminal  neuralgia  than 
men.  It  is  a  disease  which  is  very  uncommon  under  the  age  of 
twenty  years,  the  majorit}^  of  Ct^ses  occurring  between  the  ages  of 
twTnty-five  and  fifty  years,  hut  no  age  is  exempt,  and  as  the  disease 
is  a  chronic  one,  the  patients  may  suffer  from  it  until  the  close  of  a 
long  life.  I  have  seen  it  in  patients  over  eighty  years  of  age.  The 
disease  is  distinctly  an  hereditary  one,  many  patients  admitting 
that  their  parents  or  grand] >arents  have  suffered  from  it.  It  de- 
velof)s  more  commonly  in  winter  than  in  the  sunmier,  which  gives 
support  to  the  theory  that  the  majority  of  cases  are  due  to  exposure 
to  cold.  Neurasthenic  individuals  and  those  who  suffer  from  anse- 
raia,  chlorosis,  and  gout,  or  diabetes,  are  more  subject  to  the  disetise 
than  others.  Heail '  has  denied  this  very  strongly,  but  my  observa- 
tions do  not  supiHirt  his  statements. 

Slight  attacks  of  trigeminal  neuralgia  may  occur  m  the  course  of 
any  slight  illness,  sucli  as  a  disorder  of  the  stomach,  an  acute  intes* 
tinal  infection,  chronic  constipation,  congestion  of  the  kidneys,  a 
bad  cory^a,  or  angina,  or  an  attack  i\{  grijipe.  In  many  gouty  or 
rheumatic  individuals  it  is  a  frequently  recurring  s3nn])tom  of  the 
general  disorder.  Some  persons  feel  a  sudden  neuralgic  pain  in  the 
trigeminal  nerve  while  eating  ice-cream  or  drinking  very  cold  drinks. 
Attacks  of  neuralgia  are  not  infrequent  in  coimeclion  Avith  migraine. 
In  many  persons  who  are  affected  with  astigtnatisin,  f*r  defective 
acconmiodation,  neuralgia  of  the  trigeiniiial  nerve  may  follow  any 
strain  of  the  eyes.  Ear  disease  is  also  said  to  have  caused  it  (Moos). 
Such  attacks  are  extremely  tem]^orary  and  need  no  special  treat- 
ment further  tlian  the  treatment  of  the  causal  condition,  of  whicli 
they  are  the  effect.  But  trigeminal  neuralgia  may  l>ecome  a  more 
serious  and  troul ^Icsona*  disease,  and  such  cases  require  careful  study. 
In  chronic  lead  poisoning  it  appears  to  be  a  not  infrequent  symptom. 

Many  ctuses  can  be  trac(*d  tti  an  attack  of  some  one  of  the  infectious 
diseases,  of  which  malaria,  gri])j>e,  and  tyj>hoid  are  the  most  common. 
In  this  country  when  a  patient  has  once  had  nudaria,  it  is  not  un- 
common for  subsequ**nt  attacks  of  this  disease  to  manifest  them- 
selves exclusively  by  attacks  of  trigeminal  neuralgia,  llsually  such 
attacks  are  daily  in  occuiTenee,  at  a  delinite  time  of  the  day,  and  last 
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for  a  fe^^imirs  and  liii^fippear  as  suddenly  a^  they  eanie  on.  Or- 
ganic disease  of  any  kind  upoo  the  base  of  the  brain,  or  in  the  course 
of  the  trigeminal  nerve,  is  capable  of  producing  trigeminal  neuritis, 
^•ith  a  consequent  neuralgia.  The  sypliilitic  allection.s  of  the  base 
of  the  brain,  also  tuberculous  affections,  tuniors  of  the  brain,  or 
fractures  of  the  ba^e  of  the  ^kull,  and  aneurisms  of  the  internal 
carotid  art^r\%  or  of  the  circle  of  W  illis,  bullet  wounds  of  the  base 
of  the  skull,  any  disease  of  the  bones  of  the  head  and  face  and  catar- 
rhal affeetions  of  the  nose  and  tliroat,  dental  caries,  and  any  func- 
tional disturbance  of  the  eye  or  ear,  are  all  capable  of  setting  up  a 
neuritis  in  contiguous  nerv^es  and  producing  either  local  or  trigeminal 
neuralgia. 

Symptoms.  The  chief  syniptonri  of  trigeminal  neuralgia  is  intense 
jmin  in  the  course  of  the  nen^e  and  upon  the  faee»  usually  deep, 
9Dnae times  on  the  surface.  This  pain  occurs  in  sharp  i;>aroxysms 
niiich  are  repeated  freciuently,  a  series  of  sharp,  shooting  jiains 
being  followed  by  an  intervfil  of  relief.  Pain  is  so  intense  as  to  be 
agonizing.  It  is  frequently  a  l>urniug  pain.  It  makes  the  patient 
cringe,  it  causes  a  flow  of  tears,  and  in  yery  many  cases  a  sharp, 
quick  ot^ntraction  of  the  muscles  of  the  face,  a  closing  of  the  eye  and 
drawing  up  of  the  mouth.  The  patient  may  even  turn  the  head 
downward  wiih  jjain.  Changes  in  tlie  condition  of  the  atmosphere, 
an  inrrease  of  the  humidity  or  variations  of  barometric  pressure  or 
of  temf>erature  may  excite  an  attack  of  pain.  Sontc  patients  have 
aanual  attacks  during  the  winter  months  and  are  fre<*  during  wami 
weathex.  Any  draught  upon  the  face  or  exposure  to  cold,  any  move- 
ment of  the  muscles  of  the  face,  the  acts  of  whistling,  of  talking,  of 
chewing,  of  swallowing,  are  capable  of  arousing  the  pain,  and  the 
patient  will  very  often  starve  rather  tlian  inciu-  the  pain  of  eating. 
Alental  anxiety  or  intellectual  efforts  seem  capal)le  of  starting  up  an 
attack.  Pain  shoots  out  into  the  entire  distribution  of  the  trunk 
of  the  nerve  which  is  affected.  In  some  cases  only  one  trunk  is 
involved,  in  other  cases  two  trunks,  in  most  severe  cases  all  three 
trunks.  The  most  common  form  of  neinidgia  is  the  supraorbital, 
in  which  the  pain  is  felt  above  the  eye  and  at  the  notch  or  foramen 
through  whicli  the  supraorbital  uerv^e  makt*s  its  exit  upon  the  fore- 
head, and  over  the  forehead  and  in  the  hair  as  high  as  the  vertex. 
Sometimes  the  pain  radiates  into  tlie  eyeball,  and  occasionally  pain 
in  the  eyeball  is  the  only  manifestation  of  neuralgia  of  the  supra- 
orbital nerve.  When  the  infraorbital  branch  is  the  one  which  is 
affected,  pain  is  felt  upon  the  cheek  and  in  the  upper  teeth,  and 
esfiT'cially  in  the  antrmn  and  malar  bone.  It  may  tlien  go  as  far  out 
an  the*  temple  and  the  lobe  of  the  ear.  When  the  third  or  lower 
braueb  of  the  nerve  is  atTected,  the  pain  is  felt  upon  the  cheek  and 
lip  and  in  the  lower  teeth,  also  within  the  mouth,  even  in  the  tongue. 
I  have  seen  cases  in  which  the  neuralgia  was  limited  to  tlie  tongue, 
pain  l>eing  felt  chiefly  in  the  side  and  lower  siu*face  of  the  organ, 
fif^ing-  much  intensified  by  the  act  of  swallowing,  or  talking,  or  chew- 
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ing.  The  pain  usually  extends  in  chrouie  cases  from  the  branch 
of  the  nerve  first  aft'ected  into  the  other  bnuiches,  so  that  eventually 
the  entire  face  is  the  .seat  of  pain.  In  one  patient  a  touch  along  the 
lower  part  of  the  cheek  on  the  right  side  caused  intense  pain  in  the 
right  half  of  the  tongue,  and  there  was  also  a  tender  spot  over  the 
ramusof  the  jaw  Justin  front  of  the  ear,  but  no  amesthesia  or  loss  of 
taste.  A  very  hypersensitive  condition  of  tlie  skin  in  the  donriain 
of  the  branch  affected  is  quite  freciuent.  There  is  a  constant  sense 
of  tingling,  and  an  unusual  appreciation  of  little  variations  of  tem- 
perature; and  a  slight  touch  with  the  fingers^  or  w^ith  cotton-wooi 
is  disagreeable  and  painfuL  For  this  reason  patients  very  often  in- 
stinctively protect  the  affected  part  by  applications  of  woollen  cloths 
in  order  to  keep  the  part  at  an  even  temperature  anfl  to  avoid  sudden 
and  unexpected  contacts.  The  face  does  not  often  show  any 
change  in  color,  but  occasionally  it  is  a  little  red  and  the  conjunc- 
tiva and  nmcous  membrane  of  ttie  mouth  and  nose  may  be  con- 
gested. Sometimes  an  increased  pulsation  of  the  bloodvessels  ac- 
companies the  attack  of  neuralgia  and  the  arteries  may  be  felt  to 
be  fuller  than  usual.  It  is  to  be  recollected  that  the  most  common 
lesion  found  in  neuralgia  is  an  arterial  sclerosis,  wliich  may  account 
for  the  thickening  of  the  arteries  that  is  feJt.  Sometimes  the  attack 
is  accompanied  by  a  secretion  of  tears  or  of  saliva.  Trophic  changes 
in  the  skin  of  the  face  have  occasionally  been  observed,  the  most 
frequent  of  which  is  the  appearance  of  herfw^s  zoster.  Some  authors 
have  si>oken  of  an  utmsual  grayness  of  hair  and  of  falhng  of  the 
beard,  but  tliis  I  have  never  seen. 

Although  the  fifth  nerve  conveys  the  sensation  of  taste,  tliis  is  not 
affected  in  any  way  in  trigeminal  neuralgia — a  fact  that  proves  that 
the  taste  fibres  are  indei>endent  of  those  of  the  fifth  nerve  proper. 

The  nerve  trunks  are  extremely  tender  during  an  attack  of  neu- 
ralgia at  their  exits  upon  the  face,  namely,  over  the  eye,  upon  the 
malar  l>one,  and  upon  the  chin.  Any  pressure  at  these  points  pro- 
duces very  great  increiise  of  the  pain  during  an  attack.  It  must  be 
remembered,  however,  tliat  these  points  are  normally  sensitive  to 
pressure.  In  Plate  V\  the  distribution  of  the  varions  branches  of 
tlie  hfth  nei^e  in  the  face  is  shown. 

The  course  of  the  disease  varies  very  much  in  different  cases. 
Usually  a  neiu-algia  begins  with  a  surlden  attack,  which  lasts  for 
several  flays  and  then  passes  off  under  the  use  of  remedies.  Such  an 
attack  may  recur  from  time  to  time,  and  in  the  severer  type  the 
attacks  become  more  and  more  fre<iuent,  so  that  tlie  patiente  who 
have  had  but  one  attack  in  one  or  two  years,  after  a  few  years  may 
be  having  an  attack  every  week.  In  the  mtist  severe  tyf>e  of  case 
the  pain  comes  on  every  few  minutes,  day  and  night,  lasting  at  times 
for  several  weeks  in  this  manner,  and  is  quieted  mdy  by  the 
strongest  opiates,  to  recur  as  soon  as  the  effect  of  the  remedy  has 
worn  off.  It  is  in  the  severer  t\^je  of  case  that  siugical  interference 
is  willingly  permitted.    In  any  case  of  facial  neuralgia  one  attack 
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predisposes  to  another,  and  patients  who  have  once  had  an  attack 
appear  to  be  subject  to  the  disease  for  the  rest  of  their  lives.  The 
intervak,  however,  may  be  so  long  (several  years)  and  the  attacks 
may  yield  so  readily  to  a  symptomatic  or  causal  treatment  as  to 
preclude  any  idea  of  the  division  of  the  nerve.  I  have  several 
patients  who  never  go  through  the  winter  without  a  severe  attack. 
One  such  patient,  who  had  been  a  sufferer  for  many  years,  escaped 
while  spending  the  winter  on  the  Nile.  In  many  cases  a  warm  winter 
climate  is  advisable.  The  general  deleterious  effect  of  severe  pain 
upon  the  constitution  and  nutrition  of  the  patient  is  often  demon- 
strated in  cases  of  trigeminal  neuralgia.  The  sleep  is  poor,  the 
assimilation  of  food  is  impaired,  even  where  the  patients  are  not  pre- 
vented by  pain  from  eating;  disorders  of  digestion,  especially  con- 
stipation, are  common,  and  a  state  of  mental  disquiet,  apprehension, 
and  hopelessness  may  develop ;  in  fact,  some  cases  have  gone  on  to 
melancholia  and  suicide. 

The  diagnosis  of  trigeminal  neuralgia  is  very  simple  ;  the  only 
question  that  can  arise  is  whether  the  neuralgia  is  based  upon  an 
actual  neuritis,  or  is  a  purely  functional  disease.  The  existence 
of  continuous  pain,  the  paroxysms  alternating  with  remissions  rather 
than  intermissions,  continuous  tenderness  in  the  course  of  the  nerves, 
the  development  of  anaesthesia  in  the  skin  of  the  face,  and  the  deter- 
mination of  some  organic  disease  as  a  cause,  such  as  syphilis,  tumors, 
etc.,  mentioned  in  the  section  on  etiology,  make  the  diagnosis  of 
neuritis  rather  than  neuralgia  probable.  The  facts  which  are  pre- 
sented in  the  chapter  upon  referred  pain  should  not  be  overlooked  in 
making  the  diagnosis,  and  neuralgia  should  never  be  confounded  with 
migraine.  The  pain  in  migraine  is  felt  in  the  temple  and  side  of  the 
head,  and  is  not  located  in  the  course  of  the  branches  of  the  fifth  nerve. 

Treatment.  The  treatment  must  first  be  causal ;  if  an  organic  affec- 
tion can  be  ascertained  as  a  basis,  it  must  be  treated  and  removed. 
In  malarial  cases  and  in  any  case  that  is  of  uncertain  cause,  quinine 
should  be  tried.  It  is  well  to  precede  this  by  a  mercurial  purge — 
calomel  iV  grain  every  hour  until  1  grain  is  taken — and  to  give  the 
quinine  in  a  dose  of  20  to  30  grains,  which  should  be  administered 
within  an  hour  and  about  three  hours  before  the  paroxysm  of  pain 
is  due.  Thus  the  maximum  effect  of  the  quinine,  which  is  felt  two 
hours  after  its  ingestion,  will  coincide  with  the  time  of  the  paroxysm 
and  will  prevent  its  occurrence.  While  caries  of  the  teeth  is  an 
occasional  cause  of  neuralgia,  and  the  condition  of  the  teeth  should 
always  be  investigated,  as  the  pain  may  not  ])e  felt  in  the  region  of 
the  infected  tooth,  yet  in  my  exi)erience  this  cause  is  an  infrequent 
one,  and  many  patients  have  had  all  the  teeth  removed,  on  the  sup- 
position that  they  were  the  cause  of  the  affection,  without  any  relief 
whatever.  The  so-called  Riggs'  disease,  a  dental  exostosis  to  wliich 
great  importance  has  been  ascribed,  is  not  a  common  cause  of  neu- 
ralgia, and  its  treatment  is  ran^ly,  if  ever,  followcnl  by  relief  of  the 
pain,  if  this  is  truly  neuralgic. 
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In  all  conditions  of  trigeminal  neuralgia  the  general  health  of  the 
patient  must  be  considered  as  well  as  the  s}Tuptomatic  treatment. 
Thei?e  patients,  as  a  rule,  are  anaemic,  and  are  rapidly  nni  down  by 
the  starvation  that  is  consequent  upon  the  pain  of  the  act  ui  chew- 
ing. It  is  especially  important  that  every  possible  means  should 
be  used  to  build  up  the  general  health.  They  should  be  well  fed  by 
means  of  fluid  food*  reinforced  by  nutritive  enemata  in  case  solid 
food  cannot  be  taken.  Alcohol,  cod-liv(*r  oil,  beef  marrow  or  medul- 
lary glyceride,  glycero-phosphate  of  soda,  hypojihosphites,  Mrsenie, 
iron,  and  t^trychnine  should  be  vised  freely  as  general  tonics,  and  the 
nutrition  generally  improved  by  daily  baths  and  douches  and  by 
maasage.  A  change  of  air  is  often  the  one  thing  that  will  make  the 
sjTnptomatic  remedies  etticacious,  and  the  important  thing  is  to 
secure  a  change  from  sea  to  mountains,  or  mountainfc^  to  sea,  accord- 
ing to  the  place  where  the  patient  is  accustomed  to  live.  In  some 
{>erson.s  the  damp  of  the  sea  air  tends  to  j>roduce  a  return  of  the 
neuralgia,  and  in  these  j>ersons  a  dry  climate  should  be  sought.  A 
warm  climate  is  essential,  and  one  free  from  damjiness.  Eg}^it, 
lower  Florida,  southern  California^  are  all  excellent.  There  are  no 
special  baths  or  health  resorts  that  claim  to  be  efficacious  in  the 
treatment  of  neuralgia,  but  the  regime  secured  in  a  foreign  water- 
cure  is  sometinn'S  of  benefit. 

Remedies  for  the  pain  are  very  numerous.  Tlie  most  important 
are  the  newer  analgesics,  namely,  phenacetin,  10  grains  to  15  grains 
every  two  hours ;  acet  a  nil  id,  5  grains  every  two  hours;  antipyrine,  15 
grains  every  two  liours,  or  salophen,  15  grains  every  two  horn's.  It 
is  well  to  combine  with  each  dose  of  these  tlrugs  a  grain  u{  caffeine 
and  one-hundredth  of  a  groin  of  strychnine  to  avoid  their  depressing 
action  upon  the  heart.  A  hot  alcoholic  drink  sometimes  gives  im- 
mediate relief.     Quinine  may  be  used  with  it. 

Aconitine  is  the  best  remedy.  It  is  given  in  pill  or  tablet  form, 
the  French  pills  of  Chapoteaux  l>eing  the  liest  |>reparation.  Each 
pill  contains  ^-^  grain  f^  milligramme),  and  the  remefly  must  l>e  used 
with  sufficient  freijuency  to  produce  constitutional  effects.  It  is 
my  rule  to  l»egin  with  one  pill  every  four  hours  and  decrease  the 
intervals  each  day  one-half  hour  until  one  pill  every  two  liours  is 
bf*ing  given,  or  until  constitutional  effects  are  e\adent,  namely, 
tingling  of  the  tongue  and  fingcTs,  sense  of  general  weakness  and 
feebleness  of  the  jjulse.  It  is  well  to  combine  with  this  a  fiftieth  of  a 
grain  of  strychnine  during  the  firvt  two  days  and  then  Y^ff  of  *^  gi*ain 
of  strychnine,  when  the  acoiutine  is  being  given  every  two  hours.  If 
the  strychnine/  iloes  not  agree  with  the  |>atient,  or  jjroduces  tii^itch- 
ings,  the  dose  of  this  may  be  reduced,  or  caffeine  two  grains,  or 
spartein  ^V  g**^^in  may  be  given  in  its  place.  Some  heart  stimulant 
is  to  be  used  in  connection  with  the  aconitine.  when  the  larger  doses 
are  given  and  the  patient  should  be  warned  against  making  any 
sudden  muscular  efforts,  and  during  the  week  or  ten  days  of  such 
treatment  should  walk  very  little, 
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Ckilsemium  b  the  reinculy  next  in  favor,  and  this  i.s  U\  be  begun  in 
small  dose,  10  drops  of  tlie  tincture,  or  5  tiropn  of  the  fluid  extract, 
being  given  every  three  hours,  anil  the  dose  inerea.^ed  by  1  drop 
eaeh  time  until  the  patient  jiereeives  physiologieal  effeets,  which  are 
a  hea\niiess  of  the  upjjer  eyehils  and  a  (hfheulty  in  opening  the  eyes. 
In  one  obstinate  case  30  dro}>B  of  the  fluid  extract  every  three  hours 
uniformly  cured  the  attack.  This  remedy  may  be  kept  up  at  the 
point  which  produces  tliis  physiological  effect  for  several  days  and 
very  often  gives  marked  relief.  In  patients  of  my  own  this  remedy 
ha^  STueceeded  when  aconitine  had  failed  completely. 

The  tincture  of  colcliicum  has  been  use*.!  with  considera!>le  benefit, 
especially  in  the  gouty  cases.  The  wine  of  coichicum  may  be  given 
in  5*drop  doses  every  two  or  three  hour.s  until  a  purgative  action 
is  produced,  and  then  the  dose  may  l>e  decreased  in  amount^  or  the 
frequency  of  the  dose  may  be  lessened.  The  effect  can  be  con- 
tinued for  several  davs. 

Butyl  chloral  hydrate  in  5-grain  doses  every  hour  for  4  doses 
has  been  highly  reconmiended  as  a  remedy  for  neuralgia  of  the  hfth 
nen^e. 

Preparations  of  arsenic;  especially  the  cacodylateof  sodium,  \  to  \ 
gr.,  thK*e  times  a  day,  are  of  considerable  service.  They  nuiy  be 
iii^eil  in  conjunction  with  the  remedies  already  mentioned,  or  alone, 
great  care  being  taken  Uy  avoid  toxic  effects. 

The  most  certain  and  satisfactory  remedy  is  opium  or  mori>hine. 
This  may  be  given  in  the  form  of  extract  of  o]>ium,  or  the  tincture  tif 
opium  in  increasing  doses,  by  the  stxjmach,  or  morphine  may  be 
usetl  hypodermically.  In  the  majority  of  cases  of  trigeminal  neu- 
ralgia it  mil  eventually  l>e  used,  although  if  possible  patients  should 
be  prevented  from  resorting  to  it  too  soon,  or  too  freely,  as  there  is 
no  tU^sease  in  which  the  morphine  habit  is  a  more  common  sequel 
than  trigeminal  neuralgia.  Yet  in  the  ])aroxysms  of  pain  it  is  im- 
perative to  give  rehef,  and  the  mere  fear  of  engendering  the  habit 
should  not  prevent  one  from  using  it  in  ap|>ropriate  ciises,  especially 
in  the  early  stage  of  the  disease  and  until  other  remedies  can  have 
the  time  to  exert  a  const  itutioniil  elTect, 

Strj^chnine  Iuls  been  used  by  Dana  hypodermically  io  large  iloses 
for  the  relief  of  various  forms  of  nem*algia,  a  dose  l>eing  begun  of 
^  of  a  grain  and  increased  as  high  as  -jV  of  a  grain  hypodermically 
once  in  twenty  four  hours.  I  have  seldom  seen  any  beneht  result  from 
tills  treatment,  but  I  have  seen  severe  strychnine  poisoning  ensue. 

In  indi\^duals  who  are  the  subject  of  arterial  sclerosis   nitro- 
glycerin is  a  remedy  of  considerable  efficacy,  whi(*h  may  be  used  in 
^  yjif  or  j\^  of  a  grain  and  repeated    witli   sufheient  fretfuency  to 

^H     produce  a  perceptible  effect  uijon  the  arterial  tension.     Nitrite  of 
^H     sodium  in  1  or  2  grain  doses  is  equally  etHcaeious. 
^H         The  extract  of  cannabis  indica  has  some  reputation  in  the  treat- 
^^     ment  of  neuralgia.     It  is  to  be  given  in  tablet  or  pill  form,  \  of  a 
t  grain  at  a  dose  several  times  a  day. 
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Preparations  of  the  bromides,  aiul  bromide  combined  with  chloral 
may  be  of  nome  service  in  the  lighter  forms  of  oeiiralgiav  but  in  the 
severe  attacks  do  not  have  sufiirierit  effect  to  quiet  the  pain.  If  a 
small  amount  of  muj^jhine  be  added  to  full  doses  uf  tliese  tw<»  drugs 
a  useful  remedy  is  (»btaiiied. 

Local  applications  to  the  face  sometimes  give  considerable  relief. 
Applications  of  ice  bags  or  freezing  the  face  by  a  spray  of  chloriile  of 
ethyl  applied  to  the  p*4nt  of  exit  of  the  branch  of  the  nerve  affected 
are  sometimes  of  cojisidfTable  service.  The  iiiajority  of  patients, 
however,  ]>refer  hot  aj^plicalions;  and  a  hot- water  l)ag  or  a  poul- 
tice or  an  i^p))lication  of  cotton  covered  with  oiled  silk,  outside  of 
which  a  hot  bag  or  a  Jai^anese  hand  furnace  can  be  placed,  will 
often  give  considerable  relief.  Most  t^f  these  patients  prefer  to  pro- 
t-ect  the  face  by  some  woollen  substance  and  thus  avoid  exposure 
to  cold  or  to  changes  of  temperature. 

Sometimes  local  apjihcations  of  lotions  and  salves  are  of  ser\ice. 
Weak  chloroform  liniment,  evaporating  lotions  of  opium  and  lead> 
or  ointments  containing  aconite,  morphine,  atropine,  and  veratrioe, 
have  been  used  with  some  succx^ss,  Rubl jing  tlie  face  with  a  menthol 
pencil  may  give  relief .  The  face  may  be  painted  with  collodium  in 
w^hich  iodoform,  1  to  15  grains,  has  been  dissolved,  a  thick  coating 
lH:*ing  applied  over  the  exit  of  the  branch  of  the  nerve  affected: 
Camphor  and  chloral  rubbed  together  into  a  paste  and  applied  has 
been  of  IxMiefit. 

Inhalations  of  chloroform  may  he  given  with  good  effect,  but  this, 
of  course,  must  be  used  with  great  caution. 

Klectricity  in  the  form  of  galvanism,  a  mild,  continuous  current, 
with  the  positive  pole  upon  tlie  painful  p(unt  and  the  negative  on 
the  back,  has  been  recommended.  The  ap])lication  should  be  five 
minutes  in  fluration  i>ver  each  branch  of  the  nerv^e  and  great  care 
should  l>e  taken  not  to  make  or  break  the  current  during  the  applica- 
tion, it  being  begun  very  gra<Iua]ly  by  the  ai<i  of  a  rheostat.  Some- 
times a  severe  vertigo  may  be  produced  by  applications  of  galvanism 
to  the  head  and  face,  I  have  never  seen  any  good  result  from  this 
method  of  treatment. 

Massage  of  the  face  is  usually  very  painful  in  conditions  of  neural- 
gia and  has  never  in  my  experience  been  of  nuich  service  in  the  treat- 
ment of  the  attacks.  Vibrations  maintained  by  a  tuning-fork  elec- 
trically vibratecL  the  end  of  tbe  fork  being  in  contact  with  the 
affected  branch  of  the  nerve,  and  vibrations  with  the  end  of  the 
fingers  of  an  expert  masseur,  have  giv(^n  relief  in  some  casc*s. 

The  actual  cautery  cannot  f>e  applietl  to  the  face  on  account  of 
the  sears  which  remain »  antl  hence  is  not  used  in  trigeminal  neu- 
ralgia. 

Surgical  Treatmtiit,  F<*r  many  years  division  (»[  individual 
branches  of  the  ner\'e  has  been  practis(^d  for  the  relief  of  neuralgia, 
the  nerve  being  merely  divided  tir  br^ing  thvided  and  the  central 
end  stretched,  or  a  considerable  section  of  the  nerve  being  removed. 
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To  reach  the  peripheral  parts  of  the  supraorbital  or  infraorbital  nerves, 
semilunar  incisions  of  the  eyebrow  or  cheek  are  made  in  the  natural 
lines  of  the  skin,  and  chiselling  out  of  the  orbital  bones  gives  access 
to  the  nerve.  Division  of  the  third  branch  of  the  nerve  within  the 
mouth,  as  it  passes  into  the  ramus  of  the  jaw,  is  a  comparatively 
simple  operation  within  the  reach  of  almost  any  surgeon.  The 
deeper  operations  of  division  of  these  various  roots  at  their  exit 
from  the  skull  requires  much  greater  surgical  skill  and  is  very  com- 
plicated and  bloody. 

While  such  operations  may  give  relief  for  some  months  or  years, 
they  are  not  positively  curative,  but  they  may  be  performed  when 
the  case  is  a  chronic  one  and  the  neuralgia  is  limited  to  a  single 
branch  of  the  nerve.  In  the  majority  of  cases  the  neuralgia  event- 
ually extends  to  other  branches,  and  in  such  cases  the  more  radical 
operation  advised  by  Krause  and  Hartley  simultaneously,  of  exsection 
of  the  Gasserian  ganglion  within  the  skull,  may  be  performed.  This 
operation  is  carried  out  by  making  a  horseshoe-shaped  incision 
through  the  skin,  periosteum,  and  temporal  and  parietal  bones,  and 
lajdng  down  a  flap  which  should  be  at  least  four  inches  in  diameter, 
the  base  being  half  an  inch  above  the  base  of  the  skull.  The  dura  is 
not  incised,  but  with  the  brain  is  then  carefully  lifted  away  from  the 
base  of  the  skull.  The  point  of  exit  of  the  fifth  nerve  is  determined, 
great  care  being  taken  to  avoid  injuring  the  optic  and  oculomotor 
nerves;  the  free  branches  of  the  nerve  are  seized,  the  Gasserian  gan- 
glion is  pulled  outward  through  the  dura,  and  the  trunk  of  the  nerve 
divided  behind  the  ganglion.  Traction  on  the  nerves  is  made  and 
they  are  cUvided  as  far  as  possible  from  the  ganglion,  which  is  thus 
removed  with  a  half-inch  of  the  nerves.  The  result  of  this  opera- 
tion is  to  deprive  the  face  entirely  of  sensation,  and  the  operation 
is  always  followed  by  a  permanent  condition  of  tingling  and  numb- 
ness, with  an.Tsthesia  of  the  face,  and  loss  of  taste  on  one  side  of  the 
tongue;  but  it  asually  gives  permanent  relief  from  the  neuralgia. 
The  agonizing  pain  is  so  great  that  these  patients  are  willing  to 
submit  to  any  operation  that  promises  a  cure.  I  have  seen  a  large 
number  of  permanent  cures  in  patients  of  my  own  upon  whom 
Hartley  has  performed  this  operation,  and  Keen,  Krause,  Horsley 
and  others  have  published  many  cases  of  cure.  Recently,  Frazer 
and  Keen  have  obtained  good  results  by  dividing  the  central  end 
of  the  nerve  just  behind  the  Gasserian  ganglion,  without  removing 
the  ganglion. 

Cervico-occipital  Neuralgia.  Neuralgia  of  the  posterior  branches 
of  the  cervncal  plexus  and  especially  of  the  great  occipital  nerve, 
which  passes  up  the  back  of  the  nock  and  over  the  back  of  the  head 
to  the  vertex,  is  occasionally  met  with,  though  it  is  by  no  means  as 
common  as  trigeminal  neuralgia.  Pain  is  felt  along  the  course  of  the 
nerves  in  the  neck,  but  particularly  below  the  occiput  and  in  the 
vertex.  There  are  painful  spots  near  the  exit  of  the  nerve  at  the  base 
of  the  skull,  over  the  occiput,  and  upon  the  vertex.     The  scalp  is 
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very  likely  to  be  tender  when  the  pain  is  intense.  Frequently  the 
pain  is  bilateral,  niiti  very  oiXen  is  contiiiuoiis  rather  than  paroxys- 
mal, though  sharp  attacks  of  pain  may  follow  any  motion  of  the 
heath  The  patients  usually  hulcl  the  head  in  a  fixed  position  to 
avoid  the  pain  produced  by  movement.  Sometimes  a  swelling  of 
the  cervical  glands  accompanies  the  nexu-algia  In  one  case  reported 
by  Johnson,  the  superior  ganglion  and  its  cord  were  fixed  by  adhe- 
sions ^\'liich  were  freed  b}'  nperation,  after  which  the  ])atient  was 
relieved  of  the  neuralgia.  Occasionally  an  attack  of  trigeminal 
neuralgia  is  associated  with  the  ceridcal  neuralgia.  This  may  be 
due  to  the  central  radiation  of  irritation^  which  is  erroneously  re- 
ferredp  ov  it  may  be  due  to  a  common  cause  producing  both  affections. 
The  characteristics  of  the  disease  are  similar  to  those  of  trigeminal 
nem^algia  and  the  treatment  is  that  of  neuralgia  in  general.  In  one 
very  obstinate  case  under  my  care,  McBurney  divided  the  great 
occipital  nerve  at  its  exit  from  tlie  muscle.  This  hail  only  a  tempo- 
rary effect  and  it  was  several  months  before  a  spontaneous  recovery 
ensued. 

Brachial  Neuralgia.  Th<*  various  nen^es  of  the  brachial  plexus 
are  occasionally  the  seat  of  neuralgia.  The  pain  may  be  felt  chiefly 
in  and  iihonX  the  pl<^xus  in  tlie  neck,  hot  usuuUy  shoots  outward  into 
the  branches  down  the  arm  and  into  the  forearm  and  hand.  There 
are  painful  points  where  the  nerves  are  superficial  and  can  be  eii^sily 
compressed  against  the  bones.  Thus  in  tlie  axilla,  over  the  circum- 
flex, near  tlie  deltoid,  over  the  inusculospiral  as  it  cun'cs  about  the 
humerus,  over  tlie  ulnar  at  the  elbow,  and  over  the  nerves  at  the 
wiist,  pressui'e  causes  iiain.  The  pain  is  ma<!e  worse  by  any  move- 
ments of  the  arm.  and  the  patient  instinctively  keeps  it  quiet.  The 
pain  is  usually  worse  at  night,  i>robtibly  because  of  pressure  exerted 
during  sleep,  and  hence  sleep  is  often  interfered  with.  There  is  often 
much  hypersensitiveness  of  the  skin  and  a  burning  pain,  which  Weir 
Mitchell  has  named  **causalgia."  Herpes  zoster  is  a  frequent  com- 
plicating symi>toiii,  and  the  position  of  the  vesicles  corresponds  ex- 
actly with  the  *iistribution  of  the  cutaneous  bninches  of  the  nerv^es. 
Glossy  skin  anil  trophic  <*hangos  in  the  nails  appear  only  when  a 
true  neuritis  has  iteveloi)ed. 

IntercoBtal  IfeiU'algia.  W  hile  the  intercostid  nerves  from  their 
protected  situation  are  usurdly  exempt  from  injuries  and  wounds^ 
excepting  in  cases  of  stal)  woimds  of  the  back  or  chest,  they  are  fre- 
quently the  seat  of  neuralgia.  The  neuralgic  i^ain  is  shari)  and 
shooting  around  the  side  of  the  chest  and  is  often  felt  chiefly  in  the 
terminal  filaments  of  the  nerve  in  front  or  at  it.s  middle  brancli  in  the 
line  of  the  axilla.  At  these  two  points  of  exit  of  the  branches  and 
also  at  the  point  of  exit  of  the  posterior  branch  near  to  the  spine, 
points  of  tenderness  are  usually  i}resent.  If  the  upper  dorsal  nerves 
are  affected  the  pain  may  also  be  felt  in  the  inner  side  of  the  arm  and 
may  V>e  attended  by  tachycardia.  The  pain  is  increased  by  breath- 
ings by  coughing,  or  by  any  movement  of  the  chest.     A  dull,  aching, 
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pressing  pain  is  felt  between  the  attacks,  and  patients  usually  like 
to  sui>t>urt  the  side  and  compress  it.  Others  cannot  endure  the 
touch  of  their  clothing.  Intercostal  neuralgia  is  very  often  followed 
by  an  attack  of  herpes  zostcT.  The  cases  of  Kaposi  iuwv  ]>roved 
that  when  herpes  occurs  the  disease  is  sonietinies  due  to  a  hemor- 
rhage within  the  posterior  spinal  ganglion  of  the  nerve  affected.  In 
other  cases,  a  parenchymatous  and  iiiterstitial  neuritis  have  been 
found.  The  herpes  may  precede  the  neuralgia  and  the  latter — 
especially  in  old  people— may  persist  long  after  tlje  eruptio!i  has 
subBided, 

Any  of  the  orctinary  causes  of  neuralgia  may  jiroduee  interenstal 
neuralgia.  lotercostal  neuralgia  is  frequently  tlue  t4)  a  secondary 
implication  of  the  nerv^e  from  disease^  either  in  tlie  liones  of  the  spine 
or  chest,  or  in  infectious  conditions  of  the  pleura.  Thus  empyema 
is  occasionally  comphcated  by  intercostal  neuralgia.  It  hiis  oeciured 
from  pressure  by  aneurisms.  Ita  relative  frequency  in  women  sug- 
ge^sts  that  the  same  causes  that  produce  mastotlynia  iq.  v.),  a 
variety  of  intercostal  neuralgia,  may  also  cause  the  disease. 

The  diagnoaiB  of  intercostal  neuralgia  is  made  from  the  exceeding 
sharp,  sliooting  character  of  the  pain,  and  by  the  existence  of  pain- 
ful |>oints  upon  the  chest  at  the  exit  of  the  nerves.  It  may  suggest 
angina  pectoris  when  tachycardia  occui-s,  but  the  course  of  the  two 
diseases  differs  so  widely  that  a  diagnosis  is  easily  reached. 

Pleurodynia,  whicli  is  a  muscylar  rheumatism  of  the  intercostal 
muscles,  produces  a  somewhat  similar  pain,  increased  by  respiration; 
but  in  this  case  tlie  tenderness  is  not  felt  especially  at  the  i joint  of 
exit  of  the  nerve.  In  pleurisy  the  pain  is  less  exactly  limited  in  its 
distribution,  and  the  [physical  signs  of  the  tlLsease  enable  a  diagnosis 
to  l>e  reached. 

The  treatment  is  liy  local  applications  along  the  course  of  the 
nen^e;  blisters  or  the  actual  cauteiy  over  the  exit  of  the  spinal 
branches,  and  special  measures  such  as  are  described  in  the  treatment 
of  neuralgia  in  general.  Edinger  recoiimiends  a  spray  of  chlora^thyL 
For  the  relief  of  the  herpes,  applications  of  oxide  of  zinc  ointment 
maybe  made,  or  the  herpetic  vesicles  may  be  paintetl  with  collotlion, 
to  which  a  small  amount  (1  i>er  cent.)  of  carbolic  acid  or  thymol  has 
been  ailded.  Care  should  be  taken  to  avoid  any  septic  infection  of 
the  exposed  skin  when  the  vesicles  have  ruptured.  In  old  persons 
opiates  should  l>c  very  carefully  ^iveri. 

Neuralgia  of  the  Breast— Mastodyma.  Tins  form  of  neuralgia 
is  ver>^  rare  and  occurs  chiefly  in  women.  It  may  develop  during 
pregnancy  and  is  especially  fre<|uent  during  the  last  weeks.  It 
occasionally  occurs  during  lactation  and  may  be  so  severe  as  to 
interfere  greatly  with  nursing.  It  sometimes  develops  in  women 
during  the  meastrual  period,  or  in  the  course  of  uterine  or  ovarian 
disease.  In  one  of  my  cases  the  attacks  lasted  three  days  at  each 
monthly  period  for  several  years,  requiring  the  use  of  morphine  at 
the  time.     It  also  occurs  as  a  direct  result  of  carcinoma  and  other 
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tumors  of  the  breast:  hut  occasionally  it  occurs  as  a  result  of 
ana&mic  or  neurasthenic  states  without  ctmcurrent  affection  of  the 
genital  organs.  In  fact^  any  one  of  the  general  causes  of  neuralgia 
may  be  capable  of  producing  mastodynia. 

The  paiji  is  usually  located  deep  in  the  gland,  is  very  severe,  and 
occurs  in  paroxye^ms,  but  tliere  is  usually  a  dull,  heavT  feeling  or  aching 
pain  all  the  time.  Sometimes  the  |iain  is  superficial,  and  the  skin 
of  the  breast,  especially  about  the  nipple,  is  exquisitely  sensitive;  the 
nipple  may  Ije  congestetl  and  the  entire  breast  red  and  swollen.  Erb 
has  seen  a  case  in  which  the  jjain  excited  the  function  of  the  gland. 
There  are  tender  points  along  the  spinous  {processes  of  the  second 
to  the  sixth  dorsal  vertebra*.  The  course  of  the  case  is  a  slow  one. 
Sometimes  the  pain  persists  in  spite  of  treatment  until  pregnancy  is 
over,  or  until  lactation  ceases. 

In  addition  to  general  measures  of  treatment  for  neuralgia  ah'eady 
descri!>ed,  some  relief  attends  the  adjustment  of  a  support  to  the 
breast,  or  a  firm  bandage  to  the  breast.  Local  applications  of  co- 
caine in  4  i>er  cent,  solution  t^  the  nipple  sometimes  quiets  the  pain. 
Ointment  of  belladonna  and  aconite  or  evaporating  solution  of  lead 
anil  opium  may  l>e  of  Ijenefit.  Nageli  has  afforded  relief  by  stretch- 
ing the  nerve,  tlie  entire  lireast  being  firmly  grasped  in  both  hands 
and  slowly  but  steadily  lifted  for  twenty  or  thirty  seconds  several 
times  a  day.  This  is  a  simj>le  method  which  should  be  tried  in  every 
case. 

Lumbo-abdomiiial  Neuralgia.  The  lower  doi*sal  nerves  and  the 
lumbar  nen^es  sent!  I>ranches  over  the  back  and  abdomen,  Tliese 
branches  are  occasionally  the  seat  of  neuralgia^  which  resembles 
intercostal  neuralgia,  to  which  it  is  strictly  homologous.  The  pain 
shoots  about  the  side  ol  the  body  and  is  at  times  intense  and  often 
burning  in  character.  There  are  tender  points  at  the  {Kjsterior, 
lateral,  and  anterior  exits  of  the  branches  of  the  nerves.  Neuralgia 
in  this  locality  is  esj)ecially  likely  to  be  attended  by  herpes.  I  have 
seen  a  case  in  which  abdominal  neuralgia  followed  intercostal  neu- 
ralgia, both  being  atteniled  by  herpes.  In  this  ciise,  as  in  many 
others,  the  course  of  the  case  was  slow,  the  jiain  lasting  several  weeks ^ 
and  resisting  all  forms  of  treatment.  The  patient  was  a  middle-aged 
woman,  the  sul)ject  of  clironic  arterial  changes  and  cdirhosis  of  the 
kidneys.  The  j>ain  in  lurnbo-abdominal  neuralgia  is  often  dull  and 
continuous.  It  frequently  extends  downward  into  the  groin  anti  is 
felt  in  the  penis  or  labium,  on  which  parts  herpes  afipears.  This 
condition  is  not  to  be  confounded  with  neuralgia  of  the  testicles 
and  ovaries,  which  is  an  affection  of  the  sympathetic  system  sup- 
plying these  organs. 

There  are  no  special  therapeutic  indications  in  this  form  of  neu- 
ralgia. 

Crural  Neuralgia.  The  anterior  crural  nerve,  which  extends  down 
the  inner  surface  of  the  thigh  and  leg  and  reaches  the  ankle,  is  occa- 
sionally the  seat  of  neuralgia.    Tlie  condition  may  develop  in  the 
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course  of  sciatica.  It  is  more  common  in  men  than  in  women,  and 
iisimHy  devclt»p8  after  hard  muscular  work  or  long  n)arches,  ex- 
posure to  cold,  or  injuries.  It  in  to  be  reniemhered  that  pain  in 
this  nerv^e  is  often  the  first  sign  of  caries  of  tlie  spine.  It  is  said  that 
in  diabetes  crural  neuralgia  and  sciatica  are  the  most  frequent  forms 
of  neuralgia  |>roduced.  The  most  obstinate  case  of  the  disease 
which  I  have  seen  was  in  a  dial>etic  patient.  Painful  points  are 
found  in  the  in|cuinal  canal,  (in  the  front  of  the  thigh,  on  the  inner 
side  of  the  knee,  and  on  the  inner  malleolus.  Herpes  fre(|uently 
appears.  This  form  is  not  to  be  mistaken  for  the  reflex  |>ain  often 
felt  by  women  at  the  menstrual  period  or  with  ovarian  disease  in 
this  locality.     The  treatment  is  tlie  same  as  that  for  sciatica. 

Sciatica.  Sciatica  is  neuralgia  of  the  sciatic  nerve.  It  is  a  very 
common  affection,  more  frequently  met  with  in  males  than  in  females, 
and  in  adults  than  in  persons  under  the  age  of  twenty  years.  Persons 
between  the  age  of  forty  and  fifty  years  are  most  hable  to  the  disease. 

Etialo^.  (lOut  and  rheumatism  are  the  chief  causes  of  sciatica. 
It  can  often  be  directly  traced  to  exposure  to  cold.  It  is  particu- 
larly frequent  in  diabetic  patients.  It  may  follow^  any  of  the  infec- 
tious diseases  or  may  be  due  to  alcoholism.  The  poisonous  agents 
which  cause  multijile  neuritis  may  cause  sciatica.  Direct  pressure 
U[X)n  the  sciatic  ner\^e  f>y  sitting  in  an  uneasy  position  or  in  hard 
chairs  with  sharp  edges,  or  pressiu-e  exerted  from  causes  acting 
wnthin  the  pelvis,  such  as  accumulations  within  the  rectum,  pehnc 
inflammation,  or  tumors  of  the  uterus  or  ovaries,  or  the  condition  of 
pregnanf\v  may  cause  sciatica.     Disease  of  the  sacral  or  thigh  bones 

ay  produce  sciatica.    In  one  case  under  my  care  a  long-standing 

atica  was  finally  explained  by  tlie  development  of  an  ostc^isarcoma 
'of  the  pelvis.  Injuries  are  a  frequent  cause  of  sciatica,  as  in  falls 
upon  tfie  Imttocks  and  fractiu^es  of  the  thigh.  Lifting  heavy  w^eights 
has  Ijrought  on  sciatica.  Workers  who  stand  or  move  the  legs  at 
machines  are  particularly  liable.  The  sciatic  nerve  is  well  supplied 
with  bloodvessels,  and  it  is  possible  that  a  venous  congestion  from 
pressure  is  an  exciting  cause  of  disturbance  of  function  in  the  nerve 
in  these  cases.  Sciatica  often  follow\s  hemorrhoids  and  varicose 
veins  in  the  leg.  It  is  difficult  to  separati*  shar{)ly  sciatica  from 
sciatic  neuritis,  and  in  many  cases  where  the  diseiise  lasts  a  con- 
8ideral>le  length  of  time,  it  is  reasonable  to  suppose  that  a  neuritis  is 
present.  In  fact,  in  all  the  cases  in  wliich  an  autopsy  lias  been  ob- 
tained, an  interstitial  neuritis  with  congestion  of  the  vessels,  hemor- 
rhages in  the  sheath,  and  secondary  degenerations  in  the  nerve 
fibres  have  been  found.  Many  cases  are  so  short  in  their  duration,  the 
sympitoms  are  so  distinctlv  intermittent,  and  th(*  cessation  of  the  ])aiu 
is  so  instantaneous  either  ujjon  change  of  position  or  upon  local  appli- 
cations, as  to  make  it  improbable  that  a  true  neuritis  has  developed. 

The  lymptoma  of  sciatica  are  pain  in  the  back  of  the  thigh  and  in 
the  outer  sitle  of  the  leg,  referred  quite  distinctly  to  the  course  of  the 
nerve.     Sometimes  when  the  up{>er  branches  of  the  nerve  are  in- 
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volved,  pain  is  felt  over  the  sacRini  and  buttock  as  high  as  the  waist- 
line. In  other  cases  these  branches  escape.  Usually  the  pain  is 
most  inteose  about  the  sciatic  notch  and  down  the  back  of  the  thigh 
to  the  knee.  Sometimes  it  is  limited  to  the  lower  branches  of  the 
nerve  U]>on  the  outer  side  of  the  leg  to  the  foot. 

In  the  severer  tyi)e  of  case  the  entire  distribution  of  the  nerve  is 
the  seat  of  pain.  The  pain  is  not  as  diffuse  as  in  muscular  rheuma- 
tism, and  when  the  patient  is  asked  to  indicate  its  position  he  follows 
down  with  the  tips  of  his  fingers  the  line  of  the  nerve  from  its  exit  in 
the  sciatic  notch  to  tlie  external  condyle  of  the  ankle.  The  pain  occurs 
in  paroxysms  and  may  be  a^onixing  in  its  intensity;  is  usually  in- 
creased Ijy  movement,  by  walking,  especially  by  going  uj)  stairs,  and 
can  always  be  elicited  Ijy  liy|*erextension  of  the  leg  u[>on  the  tliigh  and 
of  the  thigh  upon  the  pelvis^a  i>osition  which  stretches  the  sciatic 
ner\^e.  It  is  attended  by  tenderness  at  those  points  where  the  nerve 
can  easily  be  compressed  between  the  Angel's  and  a  prominent  por- 
tion of  the  bone,  namely,  above  the  hiii-joint  near  the  posterior  iliac 
spine,  at  the  sciatic  notch,  at  the  middle  of  the  thigh,  behind  the  knee, 
below  the  head  of  the  hbuta,  behind  the  external  condyle  of  the  imkle, 
and  on  the  back  of  the  foot.  The  pain  is  usually  dull  in  character 
and  constantly  ]>resent,  but  there  are  acute  exacer!>ations  and  these 
are  often  attended  by  sensations  of  burning  or  feeling  as  if  water 
were  trickling  along  the  limb,  or  sharp,  darting  pains  tlirough  the 
length  of  the  nerve.  The  pain  is  a  deep-seated  one  and  is  referred 
to  tlie  muscles  or  the  bone,  never  to  the  skin.  It  may  be  increased 
by  extension  of  the  leg  and  thigh  together.  Pains  are  usually  worse 
at  night,  when  the  patient  gets  warm  in  bed,  though,  as  a  rule, 
warmth  to  the  limb  is  grateful  and  the  patients  instinctively  avoid 
exi>osure  to  cold. 

The  gait  is  affected  in  sciatica,  the  patient  limping  and  moving 
the  entire  lijrili  stiffly.  The  toe  is  turned  out,  the  leg  is  slightly  ab- 
ducted, and  the  }>atient  instinctively  rotates  the  spine  to  the  well  side. 
In  extreme  cases  there  may  develop  a  tendency  to  lateral  curvature 
of  the  spine  away  from  the  affccte<I  side.  In  the  more  intense  eases 
the  |jatient  is  coidined  to  the  lied  by  the  pain,  cannot  bear  liis  weight 
upon  the  limb,  camiot  bear  to  have  it  moved,  and  finds  it  easy  or>ly 
in  one  position,  which  varies  in  different  cavses.  The  leg  is  usually 
al»dueted,  rotated  outward,  and  flexed  at  tlie  knee.  It  is  best  to 
allow  the  {latient  to  ascertain  the  position  in  which  he  is  most 
comfortable  and  to  keep  the  limb  in  that  ]>osition  supported 
by  pillows.  The  pain  may  be  so  intense  as  to  cause  reflex  spasms 
and  twitchings  of  the  leg,  and  is  very  commonly  assoeiatetl  ^ith 
tingling  find  numbness  in  the  leg,  or  by  sensations  of  pins  and  needles, 
the  foot  being  asleep  constantly.  When  the  sciatica  goes  on  to  a 
neuritis,  anaesthesia  may  de%^e!op  in  the  outer  side  of  the  leg  below 
the  knee  and  in  the  back  of  the  foot,  and  the  muscles  of  the  calf  of 
the  leg  may  be  weak  or  even  paralysed  and  atrofihied,  showing  a 
reaction  of  flegencration 
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The  course  of  the  disease  varies  very  much  iu  ditferent  cases. 
There  is  sometimes  a  sudden,  acute  onset  which  in  cases  due  to  ex- 
posure to  cold  or  to  rheumatism,  or  to  f^out,  is  often  attended  by  a 
slight  rise  of  temperature  and  constitutional  (listurl>ances.  llpually 
the  on!*et  is  gradual.  Pain  occurs  in  paroxysms,  which  l)ecome  more 
and  more  frequent  and  severe  during  several  days,  and  by  the  end 
of  a  week  the  pain  has  Ix^eome  continuous.  In  bad  cases  the  patient 
limps  or  is  unal>Ie  to  walk.  This  condition  may  remain  for  several 
weeks  or  may  sulisiile  graihially.  Recover}'  ensues  within  three  or 
four  weeks,  though  in  many  cases  months  pass  before  the  patient  is 
free  from  pain.  There  is  a  great  tendency  to  relapse  in  cases  of 
sciatica.  I  have  rarely  known  a  patient  to  esca|)e  a  second  and 
third  attack.  Even  when  recoviTy  has  ensued,  pain  can  l>e  pro- 
duced liy  the  sliglitest  tendency  to  o\T*rstretch  the  nerve,  or  by  too 
Rreat  exertion  in  w^ilking.  I  have  never  seen  a  bilateral  sciatica, 
though  a  nund)er  of  cases  are  recorded.  E%^eri  in  the  chronic  cases 
improvement  after  a  time  occurs,  but  where  a  ntniritis  has  been  set  up 
the  pain  is  remittent  rather  than  iiitermitleiit.  In  the  cases  which 
are  due  to  pressure  within  the  ]»elvis  the  jjain  is  more  likely  to  be  in 
the  p)eripher>'  of  the  nerve  and  its  t^^rniinal  distribution  than  in  the 
tnmk  upon  the  tliigh.  In  the  cases  where  neuritis  is  {iresent  there 
is  usually  tentlerness  along  the  entire  course  of  the  nen'e,  as  well  as 
at  the  painful  pf^ints  of  Valleix, 

Herpes  is  a  C4>mnitjn  conipUcati<ui  nf  sciatica.  It  is  sometimes 
very  extensive  over  the  back  of  the  thigh  and  on  the  buttock.  The 
herpetic  vesicles  may  become  large  aufl  confiuent,  so  that  the  affec- 
tion of  the  skin  may  give  as  much  disct^mfort  as  the  pain.  In  this 
condition  the  skin  should  1m^  protectetl  l>y  applications  of  oxide  of 
zinc  ointment  and  bandaging  with  cotton-wool. 

French  authors  have  called  attention  to  the  characteristic  position 
of  the  limb  in  stauiJing  and  in  walking,  which  is  characteristic  of 
sciatica  and  serves  to  distinguish  it  from  nmscular  rhemiiatism,  or 
from  hip-joint  disease.*  In  sciatica  the  thigh  is  somewhat  adducted, 
the  fold  of  the  buttock  is  ilepressfnl,  and  the  knee  is  shghtly  flexed, 
even  when  stan«iing  in  an  upright  j position.  The  entire  spine  is 
somewhat  deflected  vdth  convexity  to  the  affected  side.  This  is  tine 
to  an  instinctive  ef!\jrt  to  sujiport  the  weight  on  the  well  limb 
There  is  sometimes  a  slight  wasting  of  the  nniscles  in  the  limb. 

Tfie  diagnosis  uf  sciatica  is  usually  evident  from  the  characteristic 
symptoms,  Imt  it  has  been  mistaken  for  disease  of  tl)e  hip-joint,  for 
caries  of  the  sacrum,  anti  for  lesions  in  the  caiida  e^juina.  In  hij>-joint 
disease  the  pain  is  usually  felt  first  in  the  inner  side  fjf  the  knee. 
It  is  not  associated  %rith  tenderness  along  the  course  of  the  sciatic 
nerve,  though  pain  may  be  felt  all  about  the  hiji-joint.  There  is 
usually  a  limitation  of  the  motion  of  the  joint  and  possibly  some 
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shortwiing  of  the  thigh,  and  a  clianicteristic  rij2:id  jjogitkm  of  adduc- 
tion with  sliglU  rotation  is  found  in  hip-joint  disease.  In  caries  of 
the  sacruni,  while  tlie  ]_>ain  may  be  felt  in  the  seiatie  nerve,  there  are 
usually  symptoms  of  tenderness  along  the  sacrum,  tenderness  in  the 
motion  of  the  pelvic  l>ones  ui)on  the  sacrum,  and  the  pain  is  less 
unilateral  than  in  sciatica.  A  rlieumatic  affection  of  the  sacro-iliac 
tensions  and  ligaments  rloes  not  produce  pain  below  the  exit  of  the 
sciatic  nerve  in  the  thigh.  In  nuiscular  rheumatism  the  f>ains 
are  diffused  and  are  not  located  exactly  in  the  course  of  the  sciatic 
nerve. 

In  affections  of  the  cauda  equina,  meningeal  thickening,  hemor-- 
rhages  or  tumors  the  symptoms  are  rarely,  if  ever,  unilateral  in  char- 
acter. Considerable  f>ain  is  usually  feit  over  the  sacrum,  and  incon- 
tinence of  urine  and  feces,  with  antes thesia  about  the  rectum,  are 
early  symptoms  which  are  not  present  in  sciatica. 

Locomotor  ataxia  very  often  produces  severe  pains  in  the  course 
of  the  sciatic  nerve,  and  although  the  earliest  sign  of  this  disease  is 
more  often  pain  in  the  distribution  of  the  crura!  nerve,  sciatica  may 
be  its  first  symptom.  In  every  ease  of  sciatica,  therefore,  the  knee- 
jerk  should  be  tested  and  the  pupil  be  carefully  observed  to  detect 
any  lack  <>f  reactif  jii  to  light ;  these  reflexes  are  not  affected  in  sciatica. 
Anaesthetic  areas  shoiihl  be  sought  for,  as  these  are  not  present  in 
true  sciatica,  but  develop  early  in  locomotor  ataxia. 

The  progrnoaia  in  sciatica'  is  fairly  good  as  regards  eventual  re- 
cover>%  but  no  statement  can  be  made  with  regard  to  tlie  duration 
of  any  jjarticular  attack^  for  although  the  duration  of  each  attack 
is  somewhat  in  proportion  to  the  severity  of  the  symptoms^  relapses 
are  so  common  that  statements  in  regard  to  duration  are  never 
precise.  I  have  known  cases  t^y  last  two  or  three  years  and  then 
recover, 

Hyde  has  given  some  interc^sting  facts  in  his  analysis  of  200  cases 
which  may  be  quoted  licre.  The  duration  was  less  than  one  month 
in  45  cases;  from  one  to  three  months  in  70  cases;  from  tliree  to  six 
months  in  29  cases;  from  six  to  twelve  months  in  2%  cases;  two 
years  in  15  cases;  three  years  in  6  cases;  four  yeai^s  in  1  case;  five 
years  in  2  cases,  and  six,  seven,  and  ten  years  in  one  case  each. 
Forty*three  of  Hyde  s  cases  had  had  previous  attacks. 

Treatment.  In  afldition  to  the  general  statements  with  regard 
to  the  treatment  of  nemalgia,  all  of  wliich  may  lie  applied  to  sciatica, 
a  few  special  imlications  niay  lie  given.  The  cause  must  Ije  removed 
if  possible.  In  all  cases  active  purgatives  must  be  given  at  the 
outset.  In  cases  due  to  cold  or  rheumatism  salicylates  and  salophen 
are  of  the  greatest  ser\dce.  Saltijjhen  may  be  given  in  15-grain  doses 
every  two  hours.  .\l)solute  rest  of  the  liml)  is  most  important,  and 
the  patient  should  be  ad\dsed  to  remain  upon  tlie  bed  or  couch,  even 
from  the  beginning  of  the  disease,  being  allowed  to  assume  the 
position  which  gives  the  great^'st  comfort,  as  this  varies  in  different 
individuals.   All  positions  and  all  movements  which  intensify  the  pain 
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should  l3e  avoided.  I  have  oot  seen  any  benefit  from  fixation  of  the 
limb,  either  by  a  long  spHnt,as  lias  been  recommended  by  Hammond, 
or  in  a  plaster  bandage  as  ha^  been  suggested  by  others.  Hot  apph- 
eations  are  of  the  greatest  service  both  in  the  acute  and  chronic 
stage  of  the  disease.  The  old-fashioned  remedy  of  ironing  the  limb 
^ith  a  hot  iron  is  of  distinct  service.  The  application  of  flaxseed 
poultices  is  of  benefit  in  the  acute  stage>  but  the  most  efficacious 
remedy  is  the  application  of  the  Paquelin  cautery  along  the  course 
of  the  nerve.  This  should  \w  apphed  daily  from  the  very  beginning 
of  the  diseiise.  Or  small  fly-bUsters  should  be  applied  at  tlie  points 
of  tenderness  along  the  trunk,  and  should  be  repeated  every  other 
day.  If  the  eantharides  is  applied  by  means  of  cullodium  the 
blisters  need  not  be  more  than  one-quarter  of  an  inch  in  diameter, 
and  as  many  as  twenty  may  be  placed  in  the  eoui*se  of  the  nerve, 

A  very  efficacious  method  of  the  treatment  of  sciatica  is  exposure 
of  the  limb  t-o  very  high  temperature  in  an  apparatus  in  which  hot 
air  can  be  produced.  Thus  the  tl?nlp^?rature  of  the  air  may  be 
raised  to  25(F  or  300*^  F.,  the  limb  being  encased  in  the  apparatus* 
And  such  applications  may  l>e  repeated  twenty  minutes  in  duration 
daily. 

It  often  gives  much  relief  to  expose  the  limb  to  a  stream  of  steam 
along  the  course  of  the  sciatic  nerve.  Hot- water  massage  is  also  of 
a  great  deal  of  service,  such  as  is  applied  at  Wildbad,  llagatz,  and 
Bath,  at  .\ix-les-Bain8  and  at  the  Hot  Springs  of  \'irginia,  the  stream 
of  water  under  jiressure  from  twenty  to  tliirty ,  or  even  forty  pounds, 
being  directed  upon  the  limb,  the  painful  points  along  the  nerve 
being  protected  by  the  hand.  Long-continued  hot  sitz  baths  are 
often  of  service  and  give  the  patient.s  relief.  Richfield  Springs  has  a 
good  reputation  in  the  treatment  of  sciatica,  and  I  have  know^n 
patients  to  recover  after  a  course  of  sulphur  baths  there.  Massage 
of  the  limb  is  sooietimes  of  service  if  it  is  done  with  great  skill  and 
pressure  is  but  lightly  exerted  upon  the  nerve  trunk.  Mud  or  sand 
baths  heated  t^i  ICJO*^  F.  are  of  great  servnce,  A  spray  of  chloride  of 
ethyl  which  causes  local  freezing  sometimes  gives  immediate^  relief. 
H>T)odermic  injections  into  the  nerve  have  been  practised  and 
recommended.  Hypodermically  an  injection  of  chloroform,  of  a  2 
per  cent  solution  of  cocmne^  or  of  a  1  per  cent,  solution  of  atropine, 
or  simply  of  tUstilled  water,  may  be  given.  Osmic  acid  solutions 
are  dangerous.  In  a  few  cases  where  the  nerve  has  been  felt  to  be 
much  sw^otlen  puncture  by  a  needle  has  resulted  in  the  evacuation 
of  serum  from  the  sheath,  and  hiis  given  relief.  Long  needles  are  to 
he  usckI  under  strict  aseptic  precautions.  They  are  to  be  inserted 
and  left  in  an  howr,  the  Ihnb  being  ke]it  immovable  during  this 
time.  •  Liniments  and  ointments  containing  belladonim  or  aconite 
may  be  rubbed  in  along  the  course  of  the  nerve,  and  are  sometimes 
of  benefit.  The  general  medicinal  treatment  by  internal  remedies 
may  be  conducted  along  the  line  already  described  m  the  treatment 
of  neuralgia.     Electricity  I  have  never  found  of  much  service,  but 


98 


NEURALGIA. 


long-continued  applications  of  galvanism  of  ven^  mild  strength  (five 
or  six  milliamp&res)  from  large  sponges  may  be  tried. 

In  chronic  cases  where  all  other  means  have  failed  to  relieve  it  has 
been  proposed  to  stretch  the  nerve,  and  thii?  is  probably  of  service  in 
cases  where  an  interstitial  nemitis  ha^s  produced  adhesions  lietween 
the  adjacent  bundles  of  nerve  fil>res  and  constriction  of  the  blood- 
vessels, A  nerve  may  be  stretched  by  using  hyperextension  of  the 
leg,  a  proceeding  which  has  to  be  done  under  chloroform,  as  it  is  very 
painful.  Or  the  nerve  may  be  stretched  by  cutting  down  upon  it 
just  below  its  exit  in  the  sciatic  not^h,  dividing  the  sheath  and 
stretching  it  with  the  fingers.  Some  c;ises  have  been  reported  of 
improvement  after  this  ijrocedure.  I  have  seen  one  cure  in  a  veri' 
obstinate  case.  I  have  seen  several  failures.  Other  cases  have  been 
reported  in  wliich  nen'e  stretching  has  been  followed  by  paralysis 
in  the  muscles  supplied  by  the  affected  nerve.  It  should  only  be 
resorted  to  after  every  other  means  has  been  tried,  and  no  positive 
promise  of  relief  should  he  given. 

Neuralgia  of  the  Testicles  or  Ovaries.  Neuralgia  in  these  organs 
is  usually  the  result  of  some  congestion  of  the  veins  due  to  organic 
disease  or  to  pressure.  But  occasionally  it  may  be  due  to  some  one 
of  the  general  causes  of  neuralgia  alrcarly  mentioned.  The  pain  is 
ver^'  intense  and  most  demundizing.  It  causes  great  restlessoess 
and  much  mental  depression.  It  is  occasionally  attended  by  sexual 
excitement.  Neuralgia  of  the  ovaries  may  coincide  with  the  men- 
strual fimction. 

The  treatment  is  first  directed  to  reducing  local  congestion.  This 
may  be  done  by  elevating  the  pelvis  ami  letting  gravitation  empty 
the  veins.  Applications  of  heat,  especially  hot  poultices  to  the 
testes,  and  hot  vaginal  douches  or  rectal  injections,  to  be  taken  in  a 
recumbent  position,  are  usually  of  great  service.  Resort  may  be 
had  to  the  stronger  narcotics  early,  as  it  is  better  t^^  cut  an  attack 
short  than  to  allow  it  to  go  on.  And  attention  to  general  measures 
for  Ijuilding  up  the  health  must  not  be  omitted. 

Neuralgia  of  the  perineum,  of  the  prostate  gland,  and  of  the  neck 
of  the  bladder  in  males,  and  neuralgia  of  the  rectum  in  both  sexes, 
is  occasionally  complained  of.  If  no  local  disease  is  present  and 
the  affection  is  not  traceable  to  litha^inia  or  to  hemorrhoids »  it  is 
probably  caused  by  local  congestion.  Massage  of  the  perineum, 
the  pelvis  being  raised,  will  give  relief,  or  hot  appUcatiuns  to  the 
perineum  may  be  effective.  If  tliese  fail,  massage  of  the  prosta,te 
through  the  rectum,  or  stri}>piog  the  seminal  vesicles  may  do  good. 
A  continuous  irrigation  of  the  rectum  with  hot  water  by  means  of  the 
double  tube  devised  by  Keyes  is  of  nmcli  service  in  these  cases. 
Sitz  baths,  either  hot  or  cold,  are  of  value.  As  in  neuralgia  of  the 
genital  organs  prompt  relief  miLst  be  given  by  narcotics  to  avoid  a 
state  of  mental  dei)ression.  I  have  found  an  ointment  or  supposi- 
tory of  cocaine  and  liyoscyamus  of  gi*eat  service.  Weir  Mitchell 
has  seen  this  form  of  neuralgia  as  an  early  sign  of  tabes^  an  f^bser^'a- 
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tion  which  I  can  confirm,  having  seen  two  such  cases.  I  have  also 
known  it  to  occur  in  lithaemic  individuals  and  in  persons  whose 
circulation  was  poor,  after  sexual  excitement,  both  of  a  natural  and 
of  an  mniatural  kind. 

Coccygodyma,  Neuralgia  of  the  coccygeal  nerves  is  an  exceed- 
ingly rare  affection.  But  pain  in  the  tip  of  the  spine  is  very  com- 
mon, and  has  received  the  name  of  coceygodynia.  It  may  be  a  local 
affection,  due  to  injuries,  especially  in  women  after  confinement; 
to  falls  on  the  se^t  or  to  caries  of  the  spinal  bone.  It  is  usuaUy  in 
my  opinion  a  referred  pain  of  centra!  origin,  and  may  develop  in  very 
many  functional  or  organic  diseases  of  the  nervous  system.  In  neu- 
rasthenic and  anaemic  persons,  chiefly  in  women ^  it  is  a  frequent 
complaint.  It  may  be  associated  \%ith  pain  in  the  nape  of  the  neck 
or  between  the  shoulders,  with  irritable  spine,  or  with  any  hysterical 
state.  It  is  a  very  common  complaint  in  cases  of  traumatic  neurosis. 
In  the  majority  of  eases  it  is  a  purely  hysterical  sTOiptom,  and  is 
increased  by  any  local  treatment  or  by  an}i:hifig  which  directs  atten- 
tion to  it.  In  several  such  cases  where  gynecologists  have  exsected 
the  cocc}^  the  pain  has  persisted  after  the  operation.  As  the  hysteria 
or  neurasthenia  passes  off  the  pain  is  forgotten.  Hence  it  should 
never  be  treated  directly,  but  only  as  a  s>Tiiptom  of  a  general  con* 
dition.  In  the  few  cases  which  are  true  neuralgia  the  same  treatment 
as  that  of  sciatica  will  be  applicable. 
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There  are  a  great  many  conditions  of  disease  in  which  more  or  less 
severe  pain  is  felt  in  various  parts  of  the  body  at  a  distance  from  a 
diseased  organ.  The  explanation  for  the  referring  of  these  pains 
to  a  part  of  the  body  which  is  really  not  affected  is  as  follows : 

The  branches  of  the  visceral  nerves  and  of  the  general  s>TBpa- 
thetic  nervous  system  enter  the  spinal  cord  at  various  levels  through- 
out its  entire  length.  Irritation  sent  into  the  spinal  cord  through 
these  nerves  set  up  sensory  impulses  in  the  various  segments  of  the 
cord,  e-ach  segment  receiving  impulses  from  a  certain  organ.  These 
sensory  impulses  are  sent  upward  to  the  brain,  and  become  conscious 
perceptions.  They  are  referred  by  consciousness  not  to  their  actual 
point  of  origin,  but  to  the  part  of  the  body  from  w^hich  sensations 
usually  come  when  received  at  the  particular  segment  irritated. 
Thus,  as  in  general  experience,  sensations  and  pains  coming  from 
the  various  segments  of  the  spinal  cord  have  been  due  to  irritation 
in  the  surface  of  the  body  corresponding  to  these  segments;  these 
various  visceral  sensations  are  referred  to  the  surface  of  the  body. 
Some  examples  of  such  referred  pains  mil  make  this  matter  clearer. 

It  is  not  at  all  uncommon  in  eyestrain  to  have  a  pain  felt  in  the 
forehead  or  in  the  back  of  the  neck,  neither  of  which  part«  is  in 
direct  connection  wdth  the  eye. 
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The  pain  produced  by  decayed  teeth  raa}"  be  felt  in  the  temple  or 
behind  the  ear,  instead  of  in  the  jaw. 

Severe  pain  in  the  back  of  the  head  Ls  a  common  symptom  of 
uterine  disetise  or  of  inflammation  of  the  bladder. 

Pain  dow[i  the  left  arm  is  a  common  s}Tnptom  of  heart  disease,  and 
may  be  attended  by  h>T3ersesthesia  in  the  region  of  the  fourth  and 
fifth  dorsal  nerves  on  the  chest. 

Pain  in  the  wrist  on  the  flexor  surface  is  frequently  felt  in  disease 
of  the  uterus,  ovaries »  or  bladder. 

Pain  under  the  right  shoulder-blade  is  frequently  felt  in  disease 
of  the  liver,  and  is  often  attended  by  h^T^erasthesia  in  the  domain 
of  the  eighth  to  the  twelfth  dorsal  nerve. 

Pain  under  the  left  shoulder-blade  is  common  in  enlargement  of 
the  spleen. 

Pain  between  the  shoulder-blades  is  a  very  common  symptom  of 
gastric  affections  of  any  kind.  It  may  be  attended  by  hyperses- 
thesia  in  the  epigastric  region,  and  the  neai-t^r  the  disease  to  the 
cardiac  end  of  the  stomach — e.  g.,  ulcer — the  higher  the  pain  is  felt* 
In  f?evere  vomiting  pain  may  be  felt  on  the  back  of  the  arnis  or  even 
down  the  back  of  the  forearms. 

Pain  across  the  small  of  the  back  is  common  in  colitis  or  in  kn- 
paetion  of  feces  within  the  colon. 

Pain  across  the  upper  sacral  region  is  very  common  in  uterine 
disease. 

Pain  over  the  outer  side  of  the  hip  is  usually  due  to  ovarian  con- 
gestion. 

Pain  down  the  inner  side  of  the  leg  is  also  due  to  the  same  cause. 

Pain  on  the  inner  side  of  the  knee  is  an  early  sjTnptom  of  hip- 
joint  disease. 

Pain  in  the  heel  is  a  frequent  symptom  in  Uthsemia,  and  may  also 
hv  felt  in  ovarian  disease. 

Dana*  has  studied  the  location  of  these  reflex  or  refcixed  pains  verj^ 
carefully,  and  his  figures  (Fig.  26),  which  are  here  reproduced,  dem- 
onstrate the  areas  of  pain  of  s}Tiipathetic  origin. 

Head"  and  Mackenzie^  have  added  a  few  facts  to  Dana's  state- 
ments. 

There  is  hardly  any  viscus  disease  in  which  may  not  give  rise  to 
some  of  these  referred  pains t  and  it  is  evident  that  T?vithout  some 
knowledge  of  the  localities  of  these  refeiTcd  pains  the  presence  of 
such  jjain  might  mislead  the  physician.  I  have  had  many  patients 
brought  to  me  for  supposed  sjiina!  disease  because  of  pain  in  the 
dorsal  region  and  tenderness  i)f  the  dorsal  spine,  with  pain  in  the 
epigastrium,  general  weakness  and  neurasthenic  conditions,  and 
increased  knee-jerks,  who  have  been  relieved  by  the  correction  of  a 
ehronic  gastric  d>^pepsia. 
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It  is  evident  that  in  these  referred  pains  the  treatment  must  be 
directed  to  relief  of  the  functional  or  organic  disease  in  the  viscus 
which  is  affected.    It  may  be  added  that  not  infrequently  sharp 


FIG.  26. 


The  location  of  referred  pains  and  their  cause.    (Dana.) 
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counter-irritation  over  the  seat  of  pain  is  followed  not  only  by  relief 
of  the  pain,  but  also  by  improvement  in  the  visceral  condition  which 
is  its  cause. 


CHAPTER    V. 
MULTIPLE  NEURITIS. 

Varieliea.     Etiology,     Sj^mptomii,     Course.      Duration.     Diagtioais.     Prognosis  and 

Treatment. 


Multiple  neuritis  or  polyneuritis  is  a  general  disseminated  inflam- 
mation or  degeneration  of  the  nerves »  s}Tnmetrical  in  its  distribution 
upon  both  sides  of  the  body  and  generally  affecting  all  the  nerves 
of  the  Umbs,  particularly  in  their  terminal  branches.  It  is  hence 
called  peripheral  neuritis.  The  affection  rarely,  if  ever,  extends  as 
higli  as  the  nerve  plexuses. 

Varieties.  There  are  a  number  of  forms  of  nmltiple  neuritis  which 
differ  from  one  anotlier  somewhat  in  their  pathology  and  in  their 
symptomatology.  The  following  etiological  classification  of  these 
various  forms  is  of  practical  use. 

1.  Toxic  cases  due  to  the  action  of  a  poison  derived  from  without 
the  body.  These  poisons  are  alcohol,  carbonic  oxide  gas^  bisulphide 
of  carbon,  the  coal-tar  product^s,  esi>ecia!!y  sulphonal  and  trional ;  and 
nitrobenzol ;  also  arsenic,  lead, mercury,  copper,  phosphorus  and  silver. 

2.  Infectious  cases  due  to  some  agent  acquired  or  developed  within 
the  body  as  an  accompaniment  or  sequel  of  diphtheria,  grippe, 
tj^Dhoidj  t}^jhus,  malaria,  scarlet  fever,  measles,  whooping-cough, 
smallpox,  erysipelas,  and  septictemic  conditions,  including  gonor- 
rhcBa  and  puerperal  fever,  epidemic  forms  of  berilxTi  or  kakke,  and 
leprous  neuritis. 

3.  Cases  due  to  general  diseased  states  of  the  body  whose  origin 
is  undetermined,  such  as  rheumatism,  gout,  diabetes,  anaemia,  maras- 
mus, general  malnutrition  consequent  upon  tuberculosis,  s}q>hilis, 
and  senility,  carcinoma,  and  local  malnutrition  produced  by  arterial 
sclerosis. 

4.  Case^  due  to  exposure  to  cold  and  developing  spontaneously 
without  knoi\Ti  cause. 

Etiology.  Multiple  neuritis  is  more  common  in  males  than  in 
females  in  all  varieties.  All  ages  are  liable  to  be  affected.  The 
diphtheritic  tyjie  is  of  course  more  conunonly  seen  in  children  than 
in  adults,  and  if  these  cases  are  included  in  a  general  list  it  would 
appear  as  if  children  were  more  subject  to  the  diseaae  than  adults. 
In  154  miscellaneous  cases,  not  diphtlieritic,  16  were  between  the 
ages  of  sixteen  and  twenty  years,  34  were  between  the  ages  of  twenty 
and  thirty  years,  54  were  between  the  ages  of  tloirty  and  forty  years, 
35  were  betw^een  the  ages  of  forty  and  fifty  years,  19  were  between 
the  ages  of  fifty  and  sixty  years,  and  10  were  over  sixty  years  of  age. 
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Heredity  appears  to  play  little  or  no  part  in  the  causation  of  niultiple 
neuritis,  excepting  in  so  far  as  the  general  tendencies  to  gout,  rheu- 
matism, diabetes,  cai'cinonia,  arterial  sclerosis,  and  tuberculosis  may 
be  said  to  be  hereditary. 

It  seems  probable  that  in  many  cases  a  number  uf  <hfferent  causes 
combine  to  start  the  neuritis.  Tims  in  a  person  who  has  used  alcohol 
for  some  years  the  disease  may  not  develop  until  some  acute  illness, 
like  an  attack  of  the  grippe,  or  of  rheumatism,  or  an  exposure  to 
cold  occurs,  when  a  typical  alcoholic  neuritis  may  manifest  itself. 
The  particular  elements  of  causation  m\\  be  more  fully  discussed  in 
connection  with  the  various  types  of  the  affection. 

Symptoms*  A  general  statement  of  the  symptoms  occurring  in 
any  or  all  forms  of  nmltiple  neuritis  wnll  he  made,  and  then  the 
special  combination  of  these  sym|)toms,  together  with  the  common 
course  of  the  disease  in  the  tlifferent  classes  of  cases,  will  l>e  pre- 
sented. Some  authors  have  attempted  a  svTnptomatic  classification 
of  the  forms  of  neiu'itis,  and  distinguish  between  sensory,  motor, 
and  ataxic  types  of  the  disease.*  As  many  cases,  however,  present 
a  combination  of  these  symptoms  such  a  division  does  not  appear 
to  me  to  be  scientifically  justifiable,  however  convenient  from  the 
clinical  staodjtoitit. 

The  sensory  symptoms  of  multiple  neuritis  are  the  earliest  to 
appear  and  the  last  to  pass  away.  In  the  majority  of  the  cases  on 
record,  from  whatever  caiLse,  numbness,  tingling,  or  formication 
Ushers  in  the  disea.se.  These  forms  of  para*sthesi;e  begin  in  tlie  feet 
and  hands  antl  extent]  to  the  knees  and  elbows.  They  may  be 
associated  with  burning,  stretching,  boring,  or  tearing  sensations 
which  distress  the  patient  especially  during  the  onset,  and  such 
sensations  usually  increase  as  the  affection  reaches  its  height.  Their 
subsidence,  as  the  case  goes  on,  may  be  regarded  as  a  favorable 
symptom,  but  they  are  among  the  last  evidences  of  the  disease  to 
disappear.  Pain  is  usually  present  as  well  as  paresthesia?.  It  is 
sharp  in  character  and  is  usually  intermittent.  At  times  it  may  be 
lancinating  and  so  severe  as  to  necessitate  the  use  of  morphine.  It 
is  fully  as  distressing  as  in  cases  of  locomotor  ataxia.  Tenderness 
in  the  nen^es  and  nmscles  is  a  constant  s\Tnptom.  It  may  be  so 
extreme  that  the  liinl>s  cannot  be  moved  or  handled,  and  thus  it 
may  interfere  with  the  application  of  electricity  and  massage.  When 
the  tenderness  and  pain  are  referred  to  the  joint^s,  as  not  infrequently 
occurs  in  the  early  stage  of  the  disease  and  in  the  spontaneous  and 
infectious  cases,  the  case  may  be  mistaken  for  one  of  acute  articular 
rheumatism;  and  if  the  joints  are  swollen  or  the  limbs  cedematous 
the  difficulty  of  rliagnosis  is  greatly  increased. 

In  addition  to  these  subjective  feelings  some  rlf^monstrable  dis- 
turbance of  the  various  sensations  is  usually  present.  Hyperiesthesia 
to  touch  and  also  to  electricity  is  not  infrequently  observed  during 
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the  first  two  weeks.  It  is  usually  followed  by  some  ansesthesia, 
although  tliis  rarely  beccjmes  complete.  In  some  cases  the  loss  of 
tactile  sense  is  quite  evident  from  the  onset,  either  limited  to  the 
cutaneous  distribution  of  some  special  nerv^e,  in  which  case  oddly- 
shaped  areas  of  insensibility  will  be  found,  as  in  lepra,  or,  as  is  most 
often  the  ease,  about  uniformly  distributed  over  the  distal  parts  of 
the  extremities  and  fading  off  into  normal  conditions  higher  up  upon 
the  hrnb.  When  the  anti'sthesia  is  at  its  height  tlie  patient  has 
diilieulty  in  locating  a  touch  upon  the  hands  and  feet>  even  though 
he  feels  it.  Tfie  distriluition  of  the  anaesthesia  when  it  is  fully 
developed  corresponils  to  the  parts  of  the  extremities  covered  by 
gloves  and  stockings,  and  hence  lias  been  named  the  glove-shaped  and 
stocking-shaped  area  of  anaesthesia.    (Fig.  27.)    This  distribution  of 
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anaesthesia,  contrasting  sharply,  a^s  it  dues,  \^ith  that  due  to  spinal- 
cord  disease,  and  lieing  unifonnly  synunetrica!  upon  the  two  hmbs,  is 
quit-f:  diagnostic  of  nnihiple  neuritis.  Tlie  transmission  of  pain  and 
temperature  sensations  is  sometimes  delayed,  but  these  iinjircssions 
are  usuidly  felt  ipiite  acutely.  Thi^  seiise  of  pressure  has  been  tested 
in  only  a  few  cases,  and  in  those  it  was  decidedly  impaired. 
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The  musfular  sense  esfiijx's  nuy  Mffectioii  in  some  cases,  but  in 
others?  is  the  ninst  (>ri>fuuiMlly  <listurljiNl  of  all  the  senses.  When  it 
is  involved  the  inco-i>nhnation  and  ataxia  are  well-marked  s\inp- 
toms,  and  some  cases  have  been  mistaken  ftjr  Ideomtitor  ataxia  be- 
cause of  the  predominance  of  the  disturbance  of  muscular  sense. 

The  ataxia  is  very  prontHmcetl  in  dijihtheritic  cases,  in  cases  due 
to  arsenical  poisoning,  and  in  some  cases  due  to  nlcohoUc  poisoning. 
Tlie  French  and  (Jermans  distinguish  a  class  of  cases  of  neuritis  which 
they  t£»rm  neurotabrs  peripherique  or  pseudo-tabes »  because  of  the 
close  resembhmce  in  loeomtittir  ataxia. 

These  sensory  s\^^lptoms  are  usually  limited  to  the  forearms  and 
hands  and  to  the  legs  and  feet.  In  no  case  have  they  involved  the 
entire  extremities  or  the  trunk,  and  but  one  case  of  facial  tingling 
with  anaesthesia  has  been  recorded/  The  skin  reflexes  are  usually 
preserved  and  are  occasionally  exaggerated. 

The  special  sensc^s  are  rarely  involved  in  nuiltii>le  neuritis.  It  is 
true  that  ojitic  neuritis  has  occurred  in  a  few  cases,  especially  in 
cases  due  to  alcoholic  poisfjuing,  and  in  some  cases  hearing  as  well 
as  sight  has  been  affected.  These  eases  prove  that  no  nerve  can  be 
said  to  be  exempt  from  irTiplication  in  this  disease,  but  the  liability 
to  affection  seems  to  be  slight  in  the  case  of  the  nerves  of  special 
sense.     In  alcoholic  cases  toxic  amblyf>pia  has  been  found. 

The  motor  sjTnptoms  are  as  marked  and  as  important  as  the 
sensory.  Paralysis,  beginning  as  simple  weakness,  with  a  feeling  of 
fatigue  on  any  exertion,  gradually  increases  in  severity  until  at  the 
height  of  the  disease  it  becomes  complete.  It  usually  comes  on 
rapidly,  so  that  within  two  weeks  the  patient  is  helpless :  but  it  may 
be  less  sudden  and  not  deprive  him  of  the  j)ower  of  walking  and  of 
using  his  hiinds  for  two  or  three  months.  It  m;iy  be  arrested  in  the 
slighter  cases  and  not  go  beyond  a  condition  of  genera!  feebleness  in 
the  extremities.  In  a  few  cjises  a  very  acute  onset  is  recorded,  all 
the  symptoms  ilevelo|>ing  within  three  or  four  hours. 

The  dLstriliution  of  the  paralysis  is  not  unifonn  at  the  outset.  It 
may  begin  in  the  muscles  of  the  legs  and  then  involve  those  of  the 
forearms;  it  may  conunence  in  all  four  **xtreniities  at  once.  It  is 
alwa}^  more  severe  in  the  muscles  which  move  the  joints  of  the  feet 
and  hands  and  the  ankles  and  wrists.  It  rarely  invades  those  which 
move  the  knees  and  elbows.  The  extensons  of  the  wrists  and  fingers 
and  the  peronei  ami  anterior  tilual  muscles  in  the  legs  are  the  muscles 
first  affecti^d,  and  it  is  usual  for  the  paralysis  to  become  more  com- 
plete and  to  last  longer  in  thest*  muscles  than  in  the  flexors  of  the 
wrist  or  in  the  posterior  til)ial  muscles  of  the  legs.  A  markf^d  tremor 
in  the  hantls  is  not  at  all  unc*»mmon  in  the  early  stage  of  paralysis, 
especially  in  the  alcoholic  form,  and  usually  the  weakness  is  att-ended 
by  slight  inco-ordinatif)n  and  unsteadim^ss  of  gait  bi^ore  the  patient 
is  finally  incapacitated  from  walking.     \\  hen  the  disease  is  fully 
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developed  all  the  iiui.sc  es  below  the  kiiee.s  arid  ell>o%vs  are  much 
weaketietl  or  totally  paralyzed.  Occasionally  those  of  the  thig:his  and 
arni^  are  involved  also,  and  the  myscles  of  the  trunk  and  tliose  of 
respiration  may  become  affected,  and  then  the  patieiit  usually  dies. 

In  two  cases  which  eventually  recovered  I  have  seen  a  total 
paralysis  of  the  diaphragm  lasting  several  days.  In  both  these  cases 
the  patient *s  respiration  ceased  as  soon  as  he  fell  asleep,  and  the 
exhaustion  from  the*  long  wakefulness  and  the  voluntary  efforts  of 
breathing  wa.s  very  great. 

In  some  eases  of  multiple  neuritis  the  cranial  motor  nerves  become 
involved,  those  of  the  eye  and  of  the  face  being  most  liable  to  inva- 
sion. It  is  only  in  fatal  causes  that  the  action  of  tleglutition  has  been 
affeeteil,  and  when  the  |>neym(»gnstric  is  invaded  and  the  heart  be- 
comes rapifl  and  irregular  the  prognosis  is  always  gi-ave,  though  not 
absolutely  liad. 


Dro Plied  wrlsUi  In  multiple  □eurttifi. 

The  I  paralyzed  muscles  are  relaxed,  flabby,  and  atrophied;  they 
may  or  may  not  lose  their  meelmnical  irritability^  but  tlieir  normal 
tone  is  always  lost,  atwl  liejiee  their  ten<ion  reflexes  are  abolished. 
The  loss  of  knee-jerk  is  an  early  symptom  in  the  disease,  though 
some  cases  have  been  observed  in  which  it  has  been  preserved.  These 
w^ere  cases  in  winch  the  neuritis  did  not  advance  up  the  legs  suffi- 
ciently high  to  affect  the  nerves  above  the  knee.  The  knee-jerk 
always  disappears  early  in  diphtheritic  cases. 

To  the  eleetrie  current  their  excitability  is  very  rapidly  and  mark- 
edly changed :  but  the  conditions  which  ha\'e  been  observefl  are  quite 
various.     Sometinu?s  there  is  a  simple  diminution  of  excitability,  and 
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ytheu  a  very  strong  faradic  or  galvanic  current  is  needed  to  produce 

contractions.     Frequently  all  faradic  excitability  is  lost,  and  then 

the  muscles  react  to  a  galvanic  current  only.     In  this  cunditiun  it 

may  require  a  very  s^trong  gah  unic  current  to  produce  contraction, 

and  this  fact  is  quke  pathognoinonic  of  neuritis,  for  in  anterior 

poliomyelitis,  where  the  muscles  respond  to  galvanism  only,  it  does 

not  require  a  strong  current  to  cause  a  motion  until  some  months 

after  the  invasion.     The  action  of  the  iliffereot  poles  is  not  uniform. 

In  many  cases  the  contraction  of  the  nuiscle  when  stimulated  with 

Ithe  positive  pole  is  greater  than  wlien  stimulated  with  the  negative 

ipole,  and  the  contractions  may  be  sluggish.     Then  the  reaction  of 

•degeneration  is  present:  but  in  some  cases  the  nonnal  condition  is 

found,  and  the  negative  pole  profluces  stronger  contractions  than 

the  positive  pole.     If  the  nuiscles  which  are  not  [>ai*alyzed  be  tested 

the  same  electrical  changes  may  often  l>e  discovered  in  them.     A 

Fio.  29. 


DroppttJ  feet  Jii  nuilttpLf  nt'urliisi. 


loss  of  faradic  irritalnlity  and  a  marked  decrease  in  the  galvanic 
irritability  of  the  nuiscle  anrl  ner\T  are,  therefore,  important  symp- 
toms of  multiple  neuritis,  and,  as  the  disease  goes  on  to  recovery,  a 
gradual  increase  in  the  galvanic  irritability  occurs,  a  fact  which  is 
often  of  much  aid  in  prognosis  if  careful  measurements  of  the  strength 
of  current  used  be  made  by  the  galvanometer 

As  a  result  and  accompaniment  i>f  the  paralysis  abnormal  positions 
are  assumed  by  the  limbs.  The  dropped  UTist  and  dropped  foot 
are  quite  characteristic  of  multiple  neuritis.  (Figs.  28  and  29.) 
They  are  in  part  due  to  the  action  of  gra\dtation  and  in  part  to  the 
unopposed  action  of  muscles  which  are  not  very  weak.  But  other 
deformities  may  be  presf^nt.     In  a  few  cases  there  have  been  extreme 
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contractures  of  all  the  extremities  in  flexed  positiofL  When  the  legs 
are  thus  flexed  the  jjosttire  is  at  first  vohmtarily  assumed  to  reUeve 
the  {jam,  and  later  the  flexor  nuiscles  l>ecome  ]X'rmaiiently  contrac- 
tured  and  shortened.  Tlu\se  eontractures  riia}*  he  exceedingly  painfuL 
In  the  severe  cases  a  tjincal  claw-hand  and  talipes  equinus  are  seen. 
These  deformities  usually  subside  as  tlie  jiuwer  retiiriLs,  or,  if  they 
do  not,  they  can  he  corrected  hy  proper  manipulation  and  by 
apparatus.  In  a  few  cases  it  has  been  necessary  to  resort  to 
tenotomy,  but  a  permanent  deformity  has  not  been  recorded. 

The  vasomotor  ami  trophic  symfitoms  are  less  constant  than  those 
alreatly  described.  In  some  cases  marked  a*dema  has  been  an  early 
and  a  permanent  symptom.  This  may  develoj)  in  the  feet  and  hands^ 
or  may  appear  about  the  joints.  It  is  usually  temporary.  The  cir- 
culation is  not  impaired  to  any  greater  decree  than  is  customary  in 
a  hmb  whose  muscles  are  inactive,  and  coldness  and  cyanosis  are 
rarely  sufficient  to  attract  attention.  Sometimes  profuse  perspira- 
tion is  a  noticeable  symptom,  being  limited  to  t!ie  paralyzed  parts. 
This  is  often  seen  in  alcoholic  cases.  It  may  be  offensive,  and  by  its 
evaporation  always  causes  a  complaint  of  coldness.  In  other  cases 
glossy  skin  makes  its  appearance  early  and  remains  until  the  regen- 
eration of  the  nerves  is  complete.  Its  disappeai-ance  in  one  of  my 
own  cases  was  the  first  sign  of  recovery  in  the  lower  extremities, 
A  change  in  the  appearance  and  growth  of  the  nails  is  very  common, 
and  a  high  ridge  across  the  nail  becomes  evident  as  recovery  begins, 
indicating  the  difference  between  the  normal  and  abnormal  nail 
formations.     This  is  shown  in   Fig.  30,      Bed-sores  never  appear. 

Fro.  BO. 


Ridged  Appearnnce  or  the  aatlt  Id  multiple  ueuHtlK,    The  iiatit)  \9  also  atrophied,  und  t3ut  thenar 
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Other  forms  of  tropliie  disturbance  an^  rarely  met  with  in  multiple 
neiLritis,  and  this  is  quite  remarkable  in  view  of  the  fact  that  it  has 
been  the  tendenc}'  of  late  to  refer  such  trophic  affections  as  nkera- 
tions,  l)efbsores,^anj;rene,pem|)hi^us,and  various  erui>tion»  to  lesions 
of  the  nerves.  It  is  true  that  inHammations  of  the  joints  resembling 
those  a])i>earing  in  acute  rheumatism  sometimes  occur  at  the  onset 
of  neuritis;  but  as  they  di8api>ear  quickly  while  other  symptoms 
remain,  it  is  innjrol>aljle  that  they  are  to  l)f*  tracer  I  to  the  changes  in 
the  nerves.     They  may  l>e  due  to  the  infectious  tigent  or  to  the  same 


Bcure  cause  wliieh  &^\s  up  the  neuritis,  or  they  may  be  evidence 
of  an  attack  of  acute  articular  rheiuiiatism,  w!iieh  is  in  turn  followed 
by  neuritis,  but  they  cannot  be  described  as  trophic  symptoms  of 
the  disease,  otlieruise  they  would  be  more  constant  ia  their  occur- 
rence and  more  permanent  in  their  duration. 

A  negative  symptom  of  great  importance  is  the  absence  of  any 
interference  with  the  automatic  action  of  the  bladder  or  rectum» 
Retention  or  incontinence  of  urine  il(*es  not  occur,  and  impaction 
within  or  a  relaxation  of  the  rectum  is  not  oI>served  in  the  course  of 
the  disease.  Constipation  may  ensue  upon  the  long-continued  rest 
in  bed  that  is  necessitated  by  the  paralysis;  but  it  is  by  no  means 
as  obstinate  or  as  difficult  to  relieve  as  it  is  in  spinal-cord  affections. 

Another  negative  sjTnptom  of  some  importance  is  the  absence  of 
pain  or  of  ana\sthesia  upon  the  trunk.  In  the  various  forms  of  spinal- 
cord  disease  which  are  likely  to  be  confounded  with  neuritis,  zones 
of  aniesthesia  upon  the  body  are  not  at  al!  uncommon.  It  is  w^ell 
kno^Ti  that  in  locomotor  ataxia  bands  of  ana\sthesia  about  the  trunk 
and  in  the  axilla^  are  ahnost  constant  signs  of  the  affection.  It  is 
well  to  recognize  the  absence  of  this  symptom  in  those  cases  of 
multiple  neuritis  which  simulate  locomotor  ataxia. 

There  are  certain  mental  symptoms  which  develop  during  the 
course  of  alcoholic  multiple  neuritis,  but  as  they  du  not  appear  in  the 
other  types  they  will  be  discussed  in  connection  with  the  toxic  cases. 

Course.  The  course  of  the  disease  in  multiple  neuritis  varies  so 
exceedingly  that  no  general  statement  can  be  made.  In  the  next 
chapters  in  which  the  various  forms  of  the  affection  are  considered 
the  course  of  the  case  in  each  form  will  be  described.  General 
constitutional  disturbances,  however,  are  not  infrequent  in  the  course 
of  multiple  neuritis,  and  may  be  mentioned  here.  The  onset  is  often 
sudden  and  aecom|ianied  by  a  markeil  febrile  movement  with  chill 
and  temr)erature  of  103°  or  104*^  F.  The  fever  may  persist  for  several 
days,  but  usually  subsides  spontaneously  and  does  not  recur.  In  a 
few  cases  there  has  been  a  constant  elevation  of  t^jinperature  of  about 
one  degree,  persisting  for  several  weeks.  The  general  symptoms 
aceompan>dng  fever,  viz.,  malaise,  loss  of  appetite,  nausea,  dis- 
turbances of  digestion,  constipation,  flatulence,  occiisional  diarrhoea, 
febrile  concUtion  of  the  urine,  general  pauis  all  o\Tr  the  body,  head- 
ache, and  discomfort  usually  pass  off  as  this  subsides.  An  enlarge- 
ment of  the  spl**en  and  a  condition  of  leucocytosis  has  been  discov- 
ered by  examination  during  the  onset  in  some  cases,  especially  in 
those  following  an  infectious  disease  and  in  cases  that  are  not  due 
to  poisoning.  These  facts  have  led  to  the  theory  that  neuritis  may 
l>e,  under  some  circumstances,  a  primary  infectious  disease. 

Increased  rapidity  of  the  pulse  is  very  common  in  all  forms  of 
neuritis,  and  may  persist  during  the  entire  course  of  the  disease,  the 
pulse  ranging  from  80  to  100.  In  some  cases  it  bt*comes  exceedingly 
rapid,  reaching  140  or  160,  being  feeble  and  small.  In  these  eases 
the  neuritis  has  extended  tc»  the  pneumogastric  nerve.     If  this  con- 
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dition  ]xTsist.s  for  sevoral  days  aMJeiiui  of  the  extreoiities  anil  finally 
of  the  lungs  may  result,  and  heart  failure  niay  be  the  primarj^  cause 
of  death. 

Tlie  duration  of  a  condition  of  multiple  neuritis  is  so  different  in 
different  types  of  cases  that  no  general  statement  is  warranted.  In 
the  diphtheritic  cases  recovery  is  quite  rapid,  and  I  have  seen  patients 
who  had  been  completely  paralyzed  fjuite  well  within  two  months. 
In  cases  of  alcoliolic  neuritis  of  a  mild  type,  where  no  actual  paralysis 
developed,  recovery  was  usually  complete  in  six  months.  In  the 
severer  cases,  where  drop-foot  and  drop-wTist  had  developed,  at 
least  a  year,  and  in  several  cases  two  years  elapsed  before  their 
health  and  power  were  restored.  Arsenic  and  lead  cases  are  also  slow 
in  their  progress,  from  eight  to  tweh-e  months  being  the  usual  dura- 
tion. The  duration  is  in  exact  ratio  with  the  degree  of  degeneration 
present  at  the  maximum  of  the  symptoms. 

Diagnosis.  While  the  individual  symjrtoms  occurring  in  the 
course  of  inultiiile  neuritis  are  not  different  in  character  from  those 
found  in  spinal-cord  diseases,  the  diagnosis  can  usually  l>e  reached 
with  very  little  difTiculty  when  their  combination,  the  causation,  and 
the  course  of  tlie  case  under  examination  are  considered.  There  are 
three  combinations  of  symptoms  in  neuritis  which  resendile  very 
closely,  respectively,  anterior  poliomyelitis,  locomotor  ataxia,  and 
diffuse  myelitis,  and  to  tliese  attention  must  be  directed. 

Atropine  paralysis,  \y\\\\  reaction  of  degeneration  anrl  loss  of 
reflexes,  is  coirnnon  to  anterior  poliomyelitis  and  some  cases  of  mul- 
tiple neuritis.  Poliomyelitis  attacks  healthy  children,  and  no  cause, 
as  a  rule,  can  be  found.  In  neiu-itis  it  is  often  possible  to  ascertain 
some  previous  condition  of  ill  health  or  some  infectious  disease  or 
constitutional  state  which  has  produced  the  affection.  In  neuritis, 
a  more  gradual  onset,  preceded  and  attended  l>y  nmnbness  and  pain, 
tenderness  in  the  course  of  the  nerves,  teiidt^rness  in  the  muscles, 
and  the  persistence  of  sensory  symptoms  after  the  invasion  mil 
remove  all  doubt  regarding  the  tliagnosis.  When  these  symptoms 
are  not  clearly  marked  the  distribution  of  the  paralysis  in  sym- 
metrically situated  juuscles,  esiK'cialty  if  these  muscles  are  supplied 
by  single  nerves,  and  the  further  extensitm  to  muscles  in  other  nerve 
domains,  rather  than  the  affection  simultaneously  of  muscles  which 
are  grouped  physiologically  (i.  e.,  act  together  to  perform  one  func- 
tion) will  point  to  neuritis.  In  neuritis  the  paralysis  advances  more 
or  less  gradually,  while  in  acute  poliomyelitis  there  is,  after  the 
onset,  a  subsidence  of  the  paralysis  in  some  of  the  muscles  first 
involved.  In  neuritis  the  cranial  ner^TS  are  not  infrequently  affected. 
This  d<x*s  not  occur  in  poliomyelitis.  Ataxia,  which  is  a  common 
symptom  in  neuritis,  never  appears  in  infantile  paralysis.  Cramps 
in  the  muscles  are  complained  of  in  neuritis,  but  not  in  poliomye- 
litis. In  the  latt^er  fibrillar^'  twitchings  cvecur  in  the  muscles 
which  are  paralyzed,  but  never  in  t!ie  former.  Glossy  skin  never 
appears  in  poliomyelitis.     Lastly,  as  the  case  goes  on,  a  gradual 
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complete*  recovtTy  will  be  far  morn  frequriit  if  it  wai>  originally  a 
case  of  multiple  neuritis,  Gowers  has  described  a  number  of  cases 
in  which,  he  believes,  the  two  diseases  have  occurred  together, 
probably  being  produced  by  the  same  cause.  Under  these  circum- 
stances a  mingling  of  the  symptoms  is  to  be  expected,  and  no  sharp 
differentiation  can  be  made. 

Ataxia,  loss  of  knee-jerk,  pain,  and  sensory  distiubances,  including 
a  loss  of  muscular  sense,  Romberg's  symptom,  that  is,  swaying  when 
standing  with  closed  eyes,  and  optic  neuritis,  are  common  to  loco- 
motor ataxia  and  to  multiple  neuritis.  This  form  of  neuritis  has 
been  called  acute  polyneuritic  ataxia  or  neurotabes  peripherica  by 
Dejerine/  who  was  the  first  to  point  out  clearly  its  resemblance  to 
locomotor  ataxia.  In  neuritis  the  relatively  rapid  onset  of  the 
ataxia,  which  follows  closely  upon  the  sensory  symptoms;  the  promi- 
nence of  numbness  and  amesthesia,  rather  than  of  lightning  pains; 
the  extreme  degree  of  the  anaesthesia  and  analgesia,  the  tenderness 
of  muscles  and  nerves,  the  usual  occurrence  of  some  degree  of  actual 
paresis,  with  atrophy  and  reaction  of  degeneration,  and  the  absence 
of  bladder  and  sexual  symptoms,  will  point  inevitably  to  the  correct 
diagnosis.  Furthermore,  the  ataxic  form  of  neuritis  only  occurs 
after  poisoning  with  alcohol  or  arsenic,  or  as  a  sequel  of  diphtheria, 
and  the  estabUshment  of  the  causation  will  aitl  the  (hiignosis.  Here 
again,  the  course  of  the  case  toward  recovery  and  the  return  of  the 
knee-jerk  ^^^ll  deride  in  favor  of  neuritis  if  the  diagnosis  has  not  been 
reached  in  au  early  stage. 

There  are  very  few  symptoms  of  diffuse  myelitis  which  are  not 
found  in  eases  of  neuritis,  but  cases  of  diffuse  myelitis  of  the  type 
described  by  Duchenne  (  parfilysie  gin^rale  spivnle  siibdigue  ascen" 
dante)  are  very  rare,  and,  indeed,  it  has  lieen  affirmed  by  Leyden 
that  the  cases  described  by  Duchenne  under  this  name  were  really 
cases  of  multiple  neuritis.  A  differential  diagnosis  between  general 
myehtis  and  neuritis  is  made  l)y  a  consideration  of  the  following 
points:  In  neuritis  affections  of  the  functions  of  mictiuition  and 
defecation  do  not  occur.  Girdle  sensation  is  very  rarely  mentioned 
as  a  s3rmptom.  Be<l-sores  and  cystitis  have  not  been  observed.  In 
neimtis  the  advance  of  the  paralysis  Is  not  like  that  in  myelitis, 
namely,  a  gradual  advance  from  legs  to  thighs,  and  thighs  to  trunk, 
and  tnmk  to  arms  and  neck;  but,  as  already  stated,  the  paralysis 
1)egins  in  the  legs  and  forearms  sinudtaneously,and  does  not  usually 
extend  to  the  thighs  and  arms  and  very  seldom  invades  the  trunk. 
If  the  muscles  of  the  abdomen  and  the  muscles  of  respiration  are 
involved  in  neuritis  it  is  only  in  the  rapidly  fatal  toxic  cases,  and 
even  in  these  cases  motions  oi  the  shoulders  and  hips  are  preser\T*d 
until  the  end.  In  the  tyi>e  of  myelitis  described  by  Duchenne  there 
are  few  sensory  sjinptoms,  whert*as  these  are  prominent  in  neuritis. 
If  in  myelitis  there  are  sensory  disturbances  and  anaesthesia  the  areas 
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are  not  glove-sliaped  and  stocking-shaped  and  there  is  a  well-marked 
line  of  deraarcation  around  the  trunk.  This  is  particularly  e\ddent  in 
transverse  myelitis.  In  neuritis,  however,  the  anaesthesia  is  chiefly 
obser^^ed  in  the  hanils  and  feet,  in  the  forearms  and  ]ep^,  but  rarely 
reaches  as  high  as  the  arms  or  tliiglis.  In  neuritis  there  is  usually 
tenderness  in  tlie  nerves  and  in  the  fnuseles  of  the  extremities  which 
is  not  present  in  myelitis.  In  myelitis  there  is  usually  tenderness  to 
pressure  and  sensitiveness  to  heat  along  the  spine,  a  symptom  not 
present  in  neuritis.  In  the  older  text-books  multiple  neuritis  is  not 
mentioned,  and  eases  of  it  were  described  as  cases  of  spinal-cord 
disease;  but  since  the  knowledge  of  neuritis  has  become  general  the 
diagnosis  of  myehiis  is  more  and  more  rarely  made,  and  now  that 
disease*  is  regarded  a.s  an  uimsual  one. 

Prognosis.  The  prognosis  in  multiple  neuritis  is  goodi  provided  the 
exciting  cause  can  be  reoioved.  The  only  patients  who  form  an 
exception  to  the  rule  are  those  whose  constitutions  are  much  impaired 
by  excesses  or  by  other  diseases;  those  who  have  so  far  indulged  in 
alcohol  or  are  so  completely  soaketi  with  arsenic  or  lead  as  to  be 
unable  to  throw  off  the  poison,  and  those  in  whom  the  disease  begins 
with  great  suddenness,  advances  rapidly,  and  involves  the  phrenic 
and  pneumogastric  nerv^es.  These  cases  die  either  of  respiratory 
[jaralysis  or  of  some  comi)licatiyn.  AMien  a  case  has  reached  the 
stationary  period  the  prognosis  is  generally  fa%^oral>le,  and  if  the 
encoLU'aging  signs  of  recovery  already  mentioned  begin  to  appear  a 
cure  may  be  promised.  The  possibility  of  the  complication  of  mye- 
litis  must  not,  however,  be  overlooked,  and  if  it  occurs  the  prognosis 
becomes  at  once  unfavorable.  Even  in  serious  cases  of  alcoholism, 
with  ga^tro-intestinal  and  cerebral  symptoms,  if  the  acute  stage  be 
safely  passed  and  all  aJcohol  be  removed  from  the  patient^s  diet, 
recovery  from  very  extensive  i>aralysis  will  occur.  The  cases  of 
fliphtheritic  paralysis  and  ataxia  usually  recover  without  treatment. 

Treatment.  The  treatment  of  multiple  neuritis  requires  patience. 
As  we  have  already  seen,  the  majority  of  the  patients  recover,  and 
it  is  probable  that,  if  the  cause  of  the  affection  were  removed  and 
the  patients  placed  in  favorable  circumstances,  expectant  treatment 
would  alone  be  sufficient.  It  is,  however,  not  advisable  to  let  thera- 
peutics play  a  jmssive  part.  The  roui'se  of  the  thsease  can  be  altered 
and  its  duration  much  sliortened  by  active  interference.  In  the  stage 
of  invasion  the  free  use  of  salob  salophen,  salicin,  salicylic  acid,  or  the 
salicylate  of  soda  seems  to  have  imijortant  results.  These  remedies 
cannot  be  said  to  iict  as  promptly  as  in  cases  of  acute  articular 
rheumatism,  but  the  consensus  of  opinion  is  that  their  effect  in  mul- 
tiple neuritis  is  very  marked.  They  should  l>e  given,  as  in  acute 
rheumatic  fever,  in  large  doses  until  noticeable  effects  are  obtained. 
They  should  be  conibined  wth  the  bromide  of  p(.>tassimn  or  sodium, 
partly  because  these  drugs  counteract  unfavorable  s}^nptoms  pro- 
duccLl  by  the  salicin  compounds  and  partly  because  in  the  liypera?s- 
thetic  irritable  condition  attendant  upon  the  invasion  of  the  disease 
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they  are  indicated.  This  i-Dndition  may  require  stronger  sedative.^ 
and  not  infrequently  morphine  irjiist  be  employed  to  give  relief  from 
the  excruciating  pahis.  The  paiiLs  are  often  relieved  by  hot  or  cold 
applications  to  the  limbs;  but  as  the  muscles  are  often  excecniingly 
tender,  ordiiiarA^  ajjpIicatioDs  eaimot  I:>e  made.  It  is  then  ad\'i8able 
to  use  evaporating  lotions,  ]jreferably  those  containing  chlorofonn, 
which  may  be  soaked  into  light  cambric  or  gauze  and  gently  jtlaced 
upon  the  limbs,  which  lie  u|)on  the  soft^^st  j>il!ows  or  which  may  be 
more  comfortable  if  the  patient  is  put  upon  a  water- Ijed,  Applica- 
tions of  a  5  per  cent,  solution  of  carbolic  acid  and  of  extract  of 
witch-hazel  have  also  been  of  use.  If  cool  applications  prove  intol- 
erable heat  may  be  employed.  The  limlis  may  be  enveloped  with 
cotton  and  coveral  with  oiled  silk»  a  light  bandage  keejiing  these  in 
place*  or  they  may  be  frequently  bathed  in  hot  water  and  hot  bottles 
placed  against  them,  some  soft  substance  intervening.  One  of  niy 
patients  f(mn<l  great  relief  from  the  panesthesia  by  cold  douches, 
while  another  prefeiTed  the  use  of  hot  water.  It  is  best  to  let  tlie 
patient  decide,  as  long  as  the  application  has  to  be  made  for  the 
relief  of  pain.  Gentle  friction  with  oil  of  cocoanut  or  cocoa-buttver 
often  affords  comfort.  In  the  chronic  stage,  as  wt  shall  see  pre- 
j^ently,  heat  is  to  he  preferred  to  eokl  Cases  whicli  are  ilistinctly 
sj7)hilitic,  if  such  occur,  should  be  treated  from  the  outlet  with 
inunctions  of  mercury  and  large  doses  of  iodide  of  potash.  I  believe 
that  both  these  drugs  shoul<!  be  employed  together,  even  in  the 
t<*rtiary  stage  of  syphilis,  and  it  is  my  experience  thiit  all  syphilitic 
nervous  lesions,  whether  central  or  peripherab  yield  more  promf>tly 
U)  their  coml  lined  use  than  to  the  emiiloyment  of  either  aione. 
Malarial  cases  nmst  be  treated  with  quinine  or  Warburg's  tincture. 
In  non-malarial  cases  rjuinine  has  proved  of  no  avail. 

In  cases  which  are  due  to  poisoning  of  any  kind  tlie  first  indication 
is  to  eliminate  tiie  toxic  agent  from  the  system  and  the  second  to 
prevent  any  further  ingestion  of  the  poison.  Iodide  of  potash  in 
small  doses  largely  diluted  aids  in  the  elimination.  The  second  indi- 
cation is  easily  fulfilled  when  arsenic  or  lead  are  the  toxic  agent.s^ 
but  w^hen  the  ciise  is  due  to  chronic  alctiholisrn  sjjecial  [precautions 
are  needed.  Alcoholic  cases  require  from  the  outset  special  treat- 
ment. The  condition  at  the  time  of  the  onset  of  the  paralysis  may 
be  one  verging  upon  delirium  tremens.  If  all  alcohol  is  suddenly 
removed,  without  tlue  care  tf^  supjily  some  other  hc^art  stimulant 
and  to  secure  the  perfect  imtrition  of  the  patient,  serious  collapse 
may  ensue.  The  first  necessity  is,  therefore  to  take  care  of  the 
general  condition  of  the  |iatient.  If  this  will  admit  of  the  immediate 
withdrawal  of  all  alcoholic  stimulation  it  shtiuld  be  done;  if  not,  the 
alcoholic  beverage  nuLst  l>e  inmiediately  reduced  in  <iiiantity,  and 
as  soon  as  possible  wholly  cut  off.  The  use  of  milk  diet,  or  kumyss, 
or  peptonized  milk»  or,  if  necessary,  rectal  alimentation,  will  l>e  fol- 
loweil  by  a  gradual  recovery  of  the  ])ower  of  a.-^siinilation,  and  as 
Boon  as  the  patient  ceases  t/O  lose  weight  all  alcohol  may  in  any 
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case  be  safely  stopped;  its  elimination  by  the  intei?tinos  ami  kidneys 
may  be  hastened  by  appropriate  means,  and  cerel^nil  .symptoms,  if 
they  arise,  may  be  treated  as  in  other  eases  of  aleohotie  intoxication. 
But  it  is  in  the  elironic  stage,  wlien  the  jiatient  is  grathially  reeov- 
eriiip:,  thrit  the  vigilance  of  the  physician  is  called  into  phiy  to  prevent 
a  renewal  of  the  poisoiiing.  It  m  amazing  tliat  {jatient.s  wlio  know 
perfectly  the  injurious  effect  of  alcohol  upon  them  should  insist  upon 
getting  it;  hut  it  is  done.  And  when  these  patients  are  surrounded, 
as  is  often  the  case,  by  s}Tnpathizing  frientls  or  servile  domestics  or 
miscrupulous  nurses  who  do  not  appreciate  the  importance  of  total 
abstinence  for  the  patient,  they  often  succeed  in  baffling  all  attempts 
to  deprive  them  of  the  favorit^^  drink.  It  is  otd\^  wljen  they  are 
w^itched  constantly  by  persons  who  can  be  implicitly  trusted  and 
who  have  sufhcient  autliority  to  cut  off  all  surrejjtitious  supplies, 
that  the  physician  can  feel  sure  that  his  conmiands  are  obeyed ;  and 
this  j>reeaution  is  by  no  means  needless,  even  when  it  is  probable 
that  family  servants  are  trustworthy,  for  the  continued  pleading  and 
renK>nstrance  of  the  patients  may  corrupt  the  best  of  attemlants, 
especially  if  accompanied  by  tlireats  of  discharge  at  a  future  day. 
It  is,  therefore,  necessary  to  place  these  patients  under  the  surv^eil- 
lance  of  trained  nurses  from  the  start  or  to  remove  them  to  an  insti- 
tution where  they  will  l>e  muler  control. 

In  the  chronic  stage  the  drugs  which  are  (*f  greatest  service  are 
strychnine  and  arsenic.  Strychnine  may  be  given  in  doses  of  ^\  to 
^  gr.  three  times  daily,  and  it  is  wtH  to  combine  it  with  phosphoric 
acid  and  the  syrup  of  the  hyjioijhosphites,  oi'  with  the  glycerophos- 
phates of  lime  and  soda.  Arsenious  acid  may  be  used  in  tablets  or 
pills  ei jutaining  ^j^^  to  -^q  gr.  tliree  times  daily,  or  in  Fowler's  solution, 
three  to  five  drops,  tluee  times  daily.  The  use  of  iron  with  these 
two  drugs  will  l>e  indicated  in  the  majority  of  Ciises  where  there  is 
attendant  anicmia.  In  alcoholic  cases  botli  arsenic  and  strychrune 
may  increase  the  mental  irritability,  but  should  be  continued  unless 
this  becomes  too  great.  I  have  seen  benefit  from  both  of  these 
drugs,  and  think  it  well  to  employ  them  alternately,  using  each 
for  about  two  weeks  at  a  time.  The  glycero-phnsphate  of  soda 
iiissolved  in  wat-er  is  of  much  service  in  the  chronic  stage.  The  dose 
is  15  grains  three  thnes  daily. 

The  remedies  used  in  the  chronic  stage  have  two  objects:  one  is 
to  increase  the  rate  of  rejjair  in  the  nerves,  th(*  rrther  is  to  keep  the 
nutrition  of  the  niuseles  as  good  as  {lossible.  While  the  dmgs  men- 
tioned irrolKibly  meet  the  first  indication,  there  are  othfT  remedies 
wliich  meet  both.  These  are  nuissage,  warm  baths,  and  eiectricity. 
The  proper  manipulation  of  the  linil)  increases  the  circulation  in  it. 
The  increase  of  circulation  brings  fresh  supplies  of  mati'rial  to  the 
nei've  which  is  undergoing  re[)air:  it  also  aids  the  nutrition  of  the 
muscle,  which  would  otl«'rwise  be  tlecidedly  affected  by  the  sluggish 
flow^  of  venous  blood,  due  to  the  lack  of  fimctional  activity.  As  soon, 
therefore,  as  the  active  progress  of  the  disease  is  checked  and  the 
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jnuseular  t^nderneas  has  sufficiently  sul>sided  to  allow  tlio  limbs  to 
be  rubbed »  this  remed}'  should  be  employed  daily. 

Allusion  has  already  been  made  to  l>aths  and  douches  in  the  early 
Stage^  for  the  purpose  of  (luieting  sensory  symptoms.  In  the  chronic 
stage  the  object  is  a  chfferent  one.  Like  massage,  warm  baths, 
packs,  and  douches  stimulate  the  circulation  and  aid  the  nutrition 
and  reparative  processes  in  progress.  Hence  they  are  to  be  used 
daily;  and  if  the  warm  batli  or  pack  be  given  at  night  it  will  secure 
not  only  a  local  action,  Ijut  produce  a  general  sedative  effect,  insuring 
quiet  rest.  In  multiple  neuritis,  as  well  as  in  many  other  nervous 
affections  not  due  to  anaemia,  a  warm  bath  or  pack  at  night  or  a 
wann  douche  to  the  neck  and  s[>iiie,  is  far  preferable  to  and  more 
eflSc^acious  than  the  majority  of  hj^^notic  drugs  in  causing  a  good 
night's  sleep. 

The  last  agent  to  Ix*  mentioned  is  electricity.  It  is,  however,  of 
some  importance,  Inil  it  is  necessary  to  know  the  object  sought  in 
its  applicatiorL  There  is  first  the  object  of  increasing  the  progress 
of  ner\'e  regeneration.  Tliis  is  said  to  be  attained  by  the  application 
of  a  constant  galvanic  current  to  the  tlegenerated  nerve,  passing  the 
current  through  the  nerve  in  either  direction,  or  in  both  alternately. 
A  mild  current  should  be  employed,  its  strength  (>eing  nieasured  l)y 
a  galvanometer.  The  strength  of  tlic  current  will  depend  (a)  on  the 
size  of  the  sponges  placed  upon  the  skin,  (b)  on  the  pressure  upon 
tlie  sponges,  (c)  on  the  resistance  of  the  skin,  and  (d)  on  the  number 
of  cells  of  the  battery  used. 

If  the  sponges  are  two  incites  in  diameter,  six  milliamperes  are 
enough,  if  they  are  three  by  five  inches  in  measurement,  twenty 
miUiamp^res  should  not  be  exceeded.  If  no  galvanometer  is  used  the 
strength  of  the  current  employed  is  uncertain:  but  it  is  to  be  remem- 
bered that  the  current  grows  stronger  the  longer  it  pa^sses,  since  the 
skin  resistance  is  gra<lually  overcome;  and^  therefore,  if  the  strength 
is  measured  in  cells,  the  numl>er  of  cells  used  should  be  decreased 
gradually  during  the  apt>lication.  As  so  few  practitioners  use  a 
galvanometcT,  it  may  be  well  ti^  state*  that  witli  large  sponges — i.e., 
three  by  five  inches — wet  with  warm  water,  a  froshly  filled  bichromat^^ 
of  potash  battery  will  give  nearly  one  milliamp^re  of  strength  for 
every  cell  used  during  the  first  three  minutes,  provided  the  sponges 
be  put  on  any  part  of  the  body  exeej>t  the  soles  of  the  feet  or  the 
palms  of  the  hands,  and  pressed  firmly  upon  the  skin.  After  the 
first  three  ininutes  the  body  resistance  decreases,  so  that  when 
twenty  cells  are  used  to  start  with,  one  should  be  cut  off  every  half- 
minute  until  the  number  is  reduces]  one-third.  The  duration  of  the 
appUcation  should  be  about  ten  minutes  to  each  limb.  During  this 
tune  the  distal  sponge  .should  be  passed  over  various  parts,  so  as  to 
include  all  the  nerv^e  branches  in  the  current;  the  central  sponge 
should  be  put  over  the  nerve  trunk  high  up  on  the  limb.  The 
current  should  be  hegim  and  sto|>peil  gradually »  and  never  suddenly 
broken.     Appiicatinn.-^i  may  be  made  daily. 
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The  second  object  to  be  obtained  is  to  re-establish  the  conduction 
of  impulses  in  the  regenerated  nerve.  Tliis  is  secin-ed  by  the  method 
just  described.  It  e^ay  be  attained  by  the  use  of  faradism,  the 
interrupted  secondary  current  being  sent  along  the  nerves  by  placing 
one  pijle  over  the  nerve  trunk  and  parsing  the  other  over  the  skin 
of  the  timl.K  The  strength  used  should  be  jujst  sufficient  to  be  felt 
distinctly  through  tiie  pahns  of  the  operator's  hands.  The  third 
object  sought  is  to  maintain  the  nutrition  and  function  of  the  muscles 
by  exercising  them,  and  thus  to  presence  their  normal  irritability. 
This  cannot  be  done  by  a  faratlic  current  as  long  as  they  do  not 
contract  to  it.  The  galvanic  current  must,  therefore,  be  employed. 
But  now  it  is  not  a  steady  current  which  is  needed,  for  this  does  not 
cause  any  motion.  It  is  only  when  the  steady  current  is  suildenly 
broken  and  renewed  that  the  contraction  occui"s.  Hence,  place  one 
pole  over  the  tiamk  of  the  nerv' e  and  the  other  upon  tlie  muscle,  and 
with  an  interrupting  electrode  make  and  break  the  current  at  the 
pole  which  is  on  the  nmscle.  Tlie  ptjle  which  produces  a  contrac- 
tion with  the  least  current  possible  is  the  one  to  be  apphed  to  the 
muscle.  This  is  in  the  reaction  of  degeneration,  the  positive;  in 
nonriiil  conditions,  the  negative  pole.  Each  nuiscle  should  be  exer- 
cised for  three  or  four  minutes  every  other  day.  When  electrical 
treatment  is  thus  emiiloyed  very  marked  improvement  is  observed, 
which  can  be  measured  accurately  if  a  galvanometer  is  used,  since 
every  week  will  show  a  diange  of  the  strength  of  current  needed 
to  produce  nuiscular  contra(*tions  toward  the  normal. 

The  treatment  nmst  be  kept  up,  in  the  chronic  stage,  until  recov- 
ery is  complete. 

If  contractures  have  occurred  in  the  paralyzed  hmbs,  persistent 
massage  may  overcome  them.  If  it  does  not,  they  are  to  be  treated 
on  general  surgical  principles.  When  the  posterior  til)ial  nmscles 
are  contractured,  the  ]>atients  cannot  stand  because  the  heels  cannot 
be  placed  on  the  floor.  In  tliis  condition  shoes  with  very  high  rubber 
heels,  and  either  corset-like  ankles  or  braces  to  suj)port  the  ankle, 
may  be  fitted,  and  thus  the  patient  Tuay  be  enabled  to  walk  with 
a  little  help  long  before  he  can  stand  in  his  bare  feet.  Sometimes 
division  of  the  Achilles  tendon  is  necessary  to  restore  the  power  of 
walking. 


CHAPTER  VI. 

t 

THE  TOXIC  FORMS  OF  MULTIPLE  NEURITIS. 

Alcoholic  Neuritis.  Multiple  Neuritis  from  Poisoning  by  Illuminating  Gas.  Multiple 
Neuritis  from  Poisoning  by  Sulphide  of  Copper.  Multiple  Neuritis  from  Poisoning 
by  the  Coal-tar  Products.  Arsenical  Neuritis.  Multiple  Neuritis  Due  to  Poison- 
ing by  Lead.  Multiple  Neuritis  Due  to  Poisoning  by  Phosphorus,  Mercury, 
Silver,  and  Copper. 

ALOOHOLIO  NEURITIS. 

Historical.  Alcoholic  neuritis  is  the  most  common  of  all  the  toxic 
forms  of  multiple  neuritis.  The  credit  of  the  discovery  of  alcoholic 
paralysis  must  be  awarded  to  James  Jackson,  of  Boston,  who,  in 
1822,  gave  a  most  accurate  description  of  the  disease  and  ascribed  it 
to  the  use  of  ardent  spirits.*  Magnus  Huss,  in  1852,  published  an  ex- 
tensive work  on  chronic  alcoholism,  in  which  he  gave  a  very  complete 
account  of  the  nervous  symptoms  produced  by  the  abuse  of  liquor, 
dividing  the  cases  into  paralytic,  ansesthetic,  convulsive,  epileptic, 
and  hyperaesthetic  forms.  But  he  ascribed  all  the  symptoms  to 
lesions  of  the  central  nervous  system.  In  1855  Duchenne  de  Bou- 
logne, in  his  epoch-making  book.  Electrisation  LocalisSe,  recorded 
many  cases  which  we  now  recognize  as  cases  of  neuritis;  but  he,  too, 
supposed  them  to  be  of  spinal  origin.  Lancereaux  added  further  to 
the  knowledge  of  alcoholic  paralysis  in  an  article  on  alcohoUsm  in  the 
Diciionnaire  Encyclopcedique  des  Sciences  MSdicales  in  1864,  and  in 
the  same  year  DumesniP  published  the  first  case  in  which  a  lesion  was 
found  in  the  peripheral  nerves.  But  ten  years  then  elapsed  before 
his  observations  were  confirmed  by  Eichhorst,'  and  it  required  further 
evidence  furnished  by  Joffroy,*  by  Leyden,*  and  by  others  to  estab- 
lish the  relation  between  alcoholic  paralysis  and  neuritis.  It  is  to 
Lancereaux,*  of  Paris,  to  MoeU,^  of  Berlin,  to  Dreschfeld,®  of  Man- 
chester, England,  to  Henry  Hun,^  of  Albany,  N.  Y.,  and  to  Bern- 
hardt,*® of  Berlin,  that  we  owe  our  knowledge  of  the  patholog}'  and 
symptomatology  of  alcoholic  multiple  neuritis,  though  other  and 

*  New  England  Journal  of  Medicine  and  Surgery,  1822,  vol.  xi.  p.  351,  "On  a  Peculiar 
Disease  Resmting  from  the  Use  of  Ardent  Spirits." 

•'•  Ga».  Heb.  do  Paris,  1864,  p.  203,  and  1866,  No.  4. 
»  Virchow's  Archiv,  187Q.  Bd.  69,  p.  205. 

*  Arch,  de  phvs.  norm,  et  path.,  1879,  p.  172. 

*  Charit45  Annalen,  1880,  Zeitschr.  f.  klin.  Med.,  1880. 

«  De  la  Paralysio  Alcooliiiue,  Gaz.  Heb.  de  Paris,  1881,  p.  120. 

^  Brain,  Nos.  26  and  32. 

»  Moeli.  Charit6  Annalen,  1884. 

*  American  Journal  of  the  Medical  Sciences,  April,  1885. 
»o  Zeitsch.  f.  klin.  Med.,  1886. 
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subsequent  T?vTitens  have  added  valuable  facts  and  have  made  the 
picture  of  the  conthtion  complete.  James  Ross/  Brissaud,^  Pal,*  and 
Gowers *  maybe  mentioned  as  ha\dng  made  interesting  additions  to 
the  general  knowledge  of  the  affection,  an<l  as  having  clearly  pre- 
sented its  differential  rliagnosis  from  other  dit^eases.  The  most  com- 
plete monograph  on  the  subject  is  by  Remak  and  Flatau  in  Noth- 
nagel's  Sj/s/em  of  Medicine j  1900, 

Pathology,  All  forms  of  neuiitis  have  lieen  found  in  iilcohnlic 
cases.  Ill  the  majority  of  cases  a  parenchymatous  neuritis  with 
simple  degeneration  and  atrophy  is  the  only  lesion  in  the  nerves. 
(Plate  VIII. )  In  other  cases  a  diffuse  inflammation  is  present,  with 
an  increase  of  connective  tissue  in  the  endoneuj'ium  and  perineurium, 
and  a  marked  congestion  of  the  bloodvessels,  as  well  as  a  degener- 
ation of  the  nerve  fibres.  All  the  characteristic  changes  already 
described  a.s  occurring  in  local  neuritis  are  present  in  alcohohc 
cases.  But  it  is  not  possible  in  distinguish  clinically  between  cases 
in  which  the  lesion  Ls  a  simple  degeneration,  and  cases  in  ^vhich 
there  is  a  tfiffuse  iiifiiunmation.  The  lesiun  is  more  marked  in 
the  finer  branches  of  the  nerves,  in  the  skin  and  muscles,  and 
becomes  less  intense  the  liigher  up  the  nerve  is  examined.  In  the 
plexuses  no  change  may  be  found,  when  at  the  same  time  few  normal 
fibres  can  be  discovered  Ijelow  the  wxists  and  ankles.  Certain  nerves 
seem  particular!}'  susceptible  to  the  influence  of  alcohol.  The  degen- 
eration begins  in  the  peronei,  the  tibials,  then  in  the  radial,  median, 
and  ulnar  nerves,  and  is  more  intense  in  these  tlian  elsewhere.  (See 
Plate  IX.)  The  sciatic  and  crural  and  the  musculocutanecms  and 
circumflex  are  but  slightly  affected.  Lesinns  have  l>een  found  in  the 
phrenic,  in  the  pneumogastric,  and  in  the  optic  nerves.  Normal 
fil)res  are  found  here  and  there  in  the  nerves  which  are  severely 
affected.  A  thickening  of  tlie  bloodvessels  in  the  nerves  has  been 
discovered  in  some  cases,  with  a  small-cell  infiltration  of  the  walls, 
and  occasional  rupture,  with  capillary  hemorrhages. 

Recent  observation  establishes  the  fact  that  w^hile  the  principal 
changes  in  ah'oholic  paralysis  are  founii  in  the  peripheral  branches 
of  the  nerves  in  all  cases,  yet  in  some  eases  changes  in  the  cells  of  the 
centnil  nervous  system  are  present.  These  have  lieen  discovered  in 
the  cells  of  the  anterior  horns  of  tlie  sjiinal  cord  and  in  the  posterior 
spinal  ganglia.'^  It  is  evident,  therefore,  that  while  the  poison  circu- 
lating in  tlie  blood  produces  a  destructive  process  in  the  delicate 
filaments  of  nerve  fibres  in  the  perifihery,  yet  the  central  nervous 
system  is  by  tk*  means  free  from  its  action.  The  cells  of  the  spinal 
cord  are  less  atTected  liy  the  poisoning  than  the  more  highly  organ- 
ized and  developed  cells  of  the  brain.     The  changes  in  the  cord  cells 

t  Jani«a  Rom  and  Jud»on  Bury.     "On  Peripheral  Neuritis/'  1880. 

*  Bnssaud.     Les  Paralysics  Toxiques,  Paris,  1890. 
'  Pal.     "Uebcr  Neuritis/'  Berlin,  1892, 

*  Qowers.     Text-book  of  Nervous  Discnsea,  1892,  2d  ckI* 
»   Larkin  and  Jelliffe      N.  Y   Med.  liecord,  July  B,  1899. 


Longitudinal  Section  of  Tibial  Nerve  in  a  Case  of  Alcoholic 
Neuritis.    (Osmic  acid  and  carmine  stain.) 

Th#  dege  nerd  ted   nerve   fibre*  are  eiained    biftck  ;   the  thickened   inier- 
atitial  connecti^re  tissue  is  stained  red. 

CFlatau,  8pcc,  rathol,  u,  Therap.,  Nolhuagel,  Bd.  xi.,  Tat  vii.) 
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cc^nslst  of  a  change  in  tho  Nissl  granules,  which  become  finely 
granular,  and  lose,  finally,  their  power  of  absorbhig  iinilin  dye.  This 
dmnge  is  nriore  marked  :il}0ut  the  nucleus  and  in  the  centre  of  the  cell 
iy  which  has  a  pale  ap]>eanince.  (See  Plate  I,  G.)  There  is  often 
.  deposit  of  pigment  io  the  eell>^.  As  these  changes,  however,  have 
^een  found  in  all  the  cells  of  the  cord,  even  in  those  connected  with 
muscles  whicli  were  not  paralyzed,  and  as  they  resemble  closely  the 
changes  known  to  occur  after  division  of  a  nerve,  they  are  not  to  be 
regarded  as  the  cause  of  alcoholic  paralysis.  Heilbronner^  has  found 
an  ascencUng  degeneration  in  the  posterior  columns  of  the  spinal  cord 
in  an  advanced  case  of  alcohohc  neuritis,  ami  is  inchned  to  trace  it  to 
extensive  degeneration  in  the  posterior  spinal  neurones,  1>ut  this  is 
certainly  an  exceptional  c:ise. 

Berkeley,  Andriesen  and  Van  Ciieson  liav**  demoiLstrated  a  uniform 
pathological  condition  produceil  in  the  large  ctjrtiea!  cells  of  the  brain 
in  chronic  alcoliolisnij  and  these  changes  have  been  frequently  found 
in  causes  of  alcoholic  neuritis-  The  dendrites  of  these  cells  lose  the 
fine  granules  which  cover  them,  and  become  smooth  and  bare.  (See 
Fig,  4.)  Tlien  the  dendrites  become  broken  and  (hsintegrated. 
The  cells  become  swollen,  vacuolated,  degenerated,  and  finally  atro- 
phied, and  their  axones  share  in  the  destruction.  So  long  as  the 
lesion  is  limited  to  the  shedding  of  the  granules  it  is  not  irreparal>Ie, 
and  regeneration  may  occur.  In  the  cases  of  alcoholic  neuritis  which 
present  psychical  s}Tnptoms,  there  is  every  reason  to  suppose  that 
these  pathological  changes  are  present  in  the  lirain,  and  the  degree  of 
impairment  of  mental  capacity  is  directly  proportionate  to  their 
intensity,  A  genera!  atrophy  of  the  nmscular  fibres  is  always  pres- 
ent in  the  paralyzed  muscle,  with  a  loss  of  their  striatiou,  a  fatty 
degeneration  and  a  disintegration  of  the  muscular  substance,  and 
an  increase  of  the  connective  tissue.  The  muscular  fibres  show  great 
irregularity  of  size,  and  i)resent  both  parench^inatous  and  intersti- 
tial clianges  with  the  dej)osit  of  fat. 

Etiology.  Males  are  more  commonly  affected  than  females  by 
alcohofie  paralysis.  Thus  in  250  cases  which  I  have  collected  or  ob- 
served but  89  were  in  women.  When,  however,  the  much  greater 
prevalence  of  drinking  among  men  is  considered,  it  becomes  e\ddent 
that  the  disease  is  relatively  far  more  frequent  among  women  than 
among  men.  And  this  fact  has  been  eni{>hasizefl  t>y  all  writers.  In 
men  the  poison  seems  more  liai>le  to  manifest  itself  by  acute  cereliral 
sj^nptoms  than  by  those  of  disease  of  the  jw^^ripheral  nerves.  Neu- 
ritis is  especially  freciuent  among  those  persons  in  the  tiigher  classes 
whose  nervoas  organism  is  highly  developed,  and  wlio  lead  a  Cfjm- 
paratively  inactive  life.  It  seems  not  at  all  improbable  that  seden- 
tary habits  predispose  an  alcoholic  drinker  to  this  disease,  and  hence 
active  w^orkers,  male  or  female,  though  taking  an  equally  large 
amount  of  liquor  as  the  luxurious  drinker,  escape. 


»  Heilbroiiiier.     MonaUBohrift  f.  Paych.  u.  Neurologie,  1896,  p.  246, 
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All  aU'oliolic  drinks  are  not  equally  prone  to  protluce  panitysis.  It 
is  the  spirituous  liquors— braiKl>%  whiskey,  gin,  ami  rum,  and  the 
liqueurs,  absinthe,  vennonthe,  etc. — which  are  particularly  danger- 
ous. But  many  ca^^s  are  known  to  be  due  to  excessive  beer  ilrink- 
ing.  I  see  every  year  at  the  clinic  cases  in  drivers  of  beer  wtigons 
who  consume  forty  or  hfty  gla.sses  of  beer  daily.  I  have  even  seen  a 
case  in  a  chilil  of  tliree  years  who  had  beeu  given  beer  se\^eral  times  a 
€lay  for  some  week.H.  I  liave  kiKnvn  cases  in  women  to  be  due  to 
taking  cologne;  and  in  Ireland,  where  ether  is  used  as  a  <lrink,  many 
cases  are  due  to  this  cause.  The  fimies  of  alcohol  are  capable  of 
causing  the  disease  in  a  mild  foruh  It  is  steady  drinking  of  small 
amounts  throught)ut  the  day,  rat lier  than  excessive  occasional  imhil- 
genee,  whicii  is  in<jre  likely  to  cause  neuritis.  The  liability  to  neuritis 
from  tuedieinal  uses  of  alcohol  should  never  be  forgotten  in  those 
eases  where  it  is  used  iis  a  heart  stimulant.  I  have  seen  many  casas 
develoi>ing  after  typhoiil  fever  and  pneumonia  where  it  seemed  very 
probable  that  the  actual  cause  was  the  free  use  of  alcoholic  stimu- 
lants given  to  support  the  heart,  little  food  being  given.  All  ages 
are  liable  to  be  affected,  Init  the  majority  of  cases  are  l>etween 
thirty-five  and  fift}^  years  of  age. 

Sjmiptoms*  It  is  only  after  alcohol  has  been  consumed  in  large 
amounts  ajid  for  a  considerable  length  of  time  that  nenritis  develops* 
Its  onset,  though  often  apparently  gradual,  is  usually  sud<1en.  For 
months  the  patient  has  suffered  from  clu^onic  gastritis,  insomnia, 
general  neuralgic  pains,  or  severe  pains  in  the  joints  or  lin^bs,  and 
from  alcoholic  tremor  and  a  certain  feebleness  in  movement,  when 
all  at  once  his  legs  give  way  beneath  him  and  after  the  sudden  fall 
he  finds  himself  unable  to  rise.  Thus  a  patient  of  mine,  after  a  year 
of  such  premonitory  s}Tnptoms,  w\^s  seized  with  paralysis  t|uite 
unexpectedly  when  getting  out  of  bed  in  the  night,  llie  onset  in 
other  cases  is  preceded  l)y  symptoms  of  disturbance  in  the  heart  and 
lungs.  The  patient  has  liad  palpitation  and  dyspna'a:  has  had 
swelling  of  the  feet,  undue  exhaustion  on  exertion  and  jjossibly  a 
bronchial  cough;  and  \\\%vn  examined  is  found  to  have  a  feel>le  heart, 
dilated  and  flal>by,  with  faint  sounds  or  distinct  mitral  regurgitant 
murmur,  anfl  the  signs  of  chronic  jmlmimary  congestion.  Then,  after 
a  period  of  unusual  indulgence  in  stimulants,  paralysis  suddenly  devel- 
ops with  all  the  sensory  disturl>ances  of  a  neuritis. 

When  the  paralysis  begins  it  soon  b(^comes  complete  in  the  feet 
antl  legs  to  the  knee,  and  may  advance  up  to  the  tliigh  itivolving  the 
extensors  of  the  legs.  It  next  attacks  tlie  biuids  and  forearms,  and 
while  in  all  extremities  it  is  gi^ater  in  the  extensors  than  in  the 
flexors,  in  .^onie  cases  both  groups  <>f  ntuscles  l>ecome  entirely  hel}>- 
less.  The  paralyzed  muscles  are  flahby.  and  soon  become  atropliied, 
they  have  no  excitability  to  meclianical  irritation,  and  the  tendon 
reflexes  are  lost.  They  fail  to  react  to  a  faradic  current  in  the 
majority  of  cases,  though  occa.sionally  a  very  strong  current  may 
produce  a  response.     When  galvanism  is  applied  the  reaction  of 


ALCOHOLIC  NEURITIS. 


degeneration  is  found  to  be  present.  It  is  often  ft>und  that  strong 
galvanic  currents  have  to  be  used  to  produce  any  contraction  at  all. 
The  paralysis  of  the  m\iscles  ntay  advance  rapidly  in  severe  causes, 
involving  the  motor  cranial  nerves,  the  imiscles  of  the  trunk,  and, 
lastly,  the  tliaphragm,  thus  causiog  death.  More  frequently,  how- 
ever, it  is  ari'esteil  when  only  the  distal  [larts  of  tlit*  extremities  are 
involved, then, after  a  stationary  peritnl,  vvliieh  varit^s  from  a  few  wf^eks 
to  several  months,  it  gradually  subsides  until  recovery  is  complete. 

The  position  assumed  l>y  the  ])aralyzed  limits  has  lK*en  thought  to 
be  almost  characteristic.  I)riJf*iK*d-wrist  and  dropped-foot  appear 
early,  due  to  the  paralysis  nf  tlie  extensors,  and  further  deforniitif^ 
of  hands  and  feet  follow.  When  the  feet  are  dropped  the  Hi-st  joint 
of  the  toes  may  be  hyjwrextended  though  the  second  is  flexed,  but  as 
time  goes  on  tliis  hyperextension  gives  jjlace  to  flexion  and  then  the 
entire  foot  is  paralyzed  and  hangs  down,  the  natural  ccaicavity  of  the 
sole  being  increa>*?ed.  The  weight  of  the  bedclothes  may  increase 
the  dropping  of  the  feet  and  flexion  of  the  toes.  Later  the  muscles 
of  the  sole  and  of  the  calf  become  pennanently  shortened  and  the 
sole  can  no  longer  be  placed  on  the  floor.  W^hen  the  patient  is  able 
to  begin  to  stand,  all  the  weight  romes  on  the  toes,  winch  often  turn 
under.  Then  the  lieel  of  the  shoe  has  to  lie  l)uilt  up  in  order  to 
form  any  support.  The  defonnity  of  the  hands  is  also  difterent  in 
diff'erent  stages  of  the  disease.  At  first  there  is  dropped-w'rist,  the 
fingers  hanging  limp.  Later,  a  claw^-hanrl  appears,  the  first  phalanges 
being  hyperextenfled,  the  secoml  antl  third  flexed.  The  thumb  is 
also  hy|>erextended,  and  the  metacarjial  bone  L>eiiig  drawn  backward 
but  adducted,  the  thumb  can  no  longer  be  apj>osed  to  the  fingers. 
(See  Fig.  30/)  After  a  time  the  h>i>erextension  gives  way,  the  intrinsic 
muscles  of  the  tianrl  being  paralysed  and  the  fingers  are  straight, 
adducted,  and  inunovable,  being  fixed  by  contractured,  atrophied 
muscles.  In  this  state  ankylosis  of  the  smaller  joint.s  often  develops, 
and  the  use  of  the  hands  is  verj^  slowly  regained  after  jminful  massage 
and  passive  motions.  I  have  seen  I)ilateral  facial  ]>aralysis  of  the 
peripheral  type  in  acas<^of  alcoholic  paralysis;  and  several  cases  in 
which  the  ocular  muscles  were  paralyzecb  Irregular,  rapid  pulse^ 
due  to  an  affection  of  the  imeuniogastric^  is  a  not  uncommon  occur- 
rence in  alcoholic  cases,  and  is  a  f la ngerous  symptom. 

The  j)atient  sutlers  far  more  from  tla;  disturbance  of  sensation  than 
from  the  paralysis.  In  the  descrijjtion  of  Jackson,  the  pains  were 
graphically  portrayed.  They  are  the  cause  of  terrible  agony,  are 
sufficient  to  i)roduGe  insomnia,  and  wear  seriously  upon  the  endur- 
ance of  the  sufferer. 

In  addition  to  pain,  hypera^thesia,  both  of  the  skin  and  muscles,  is 
always  observed.  It  is  usually  quite  extensive  in  the  legs,  though  in 
casBB  of  fxiisoning  by  absinthe  it  has  been  limited  to  the  soles  of  the 
feet*  The  muscles,  as  well  as  the  skin,  are  sensitive  to  handling  and 
to  pressure,  and  nuu*ked  tenderness  in  the  course  of  the  nerves  is 
constantly  elicited  by  examination.     In  many  cases  soon  after  the 
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oimet,  the  patients  fimnui  Ijear  to  be  touched  or  moved,  though  per- 
fectly unable  to  help  theiuselvf^s,  Oainps  in  the  calves  or  in  the 
extensor  surface  ai  the  thighs  are  oft^n  complained  of  and  give  rise 
to  nuich  distress. 

Paranesthesia?  are  always  comjolained  of.  Numbness,  tinghng,  aod 
formication  are  fretjuent.  In  one  of  my  patients  the  sensation  w£is 
as  if  heavy  bracelets  were  around  the  v^Tists,  and  as  if  very  tight 
drawers  were  on  the  legs.  At  other  times  she  felt  as  if  the  luubs  were 
swollen,  and  as  if  the  skin  w^a.s  about  to  liumt.  One  patient  de- 
scribed the  sensation  as  being  like  iron  stockings  on  the  legs.  An- 
other insisted  that  there  were  needles  under  the  skin  of  the  hands. 
Such  sensations  may  cease  as  the  case  increases  in  severity,  and  give 
place  to  a  total  lack  of  sensation  in  the  parts.  They  return,  however, 
Avith  advancing  recover}',  and  are  among  the  last  symptoms  to  dis- 
appear. 

Abolition  of  tactile  sense,  and  t(j  some  degree  of  muscular  sense, 
is  the  lule  after  the  |iaralysis  has  develoijed.  Temperature  sense 
and  the  perceptioJi  of  pain  are  never  wholly  lost,  1  mt  may  I >e  delayed 
in  transmission.  Thus  in  multijile  neuritis  the  phenomena  of  dis- 
sociated sensation  may  be  found,  but  in  thi*  reverse  sense  to  that 
observed  in  syringomyelia.  The  aruesthesia  may  be  limited  to 
irregular  areas,  and  nuiy  l}e  found  in  the  cutaneous  distribution  of 
one  nerve  only,  l>ut  is  usually  found  over  the  entire  dist^al  part  of  the 
paralyzed  limb.     Usually  the  cutanetuis  reflexes  are  preserved. 

The  loss  of  muscular  sense  is,  in  some  cases,  so  marked  a  s\Tnptom, 
and  one  of  such  early  occurrence,  tliat  Dreschfeld  distinguished  a 
class  of  cases  which  lie  terms  ataxic  rather  than  paralytic,  jlnd  this 
distinction  is  perfectly  jiistiKalile,  for  in  many  cases  it  is  the  inco- 
ordination which  first  attracts  the  attention  of  l)oth  the  patient  and 
the  physician.  It  is  this  class  of  alcoholic  crises  which  may  be  mis- 
taken for  locomotor  ataxia,  and  which  have  been  named  by  French 
writers  pseKdo-tahes  alcoolique,^  or  neurotiibes  jjcripherica  l\v  the 
Germans,  lint  ataxia  is  not  exclusively  limited  to  this  class  of  cases. 
It  may  l>e  present  in  some  degree  in  cases  of  paralysis^  and  during 
recovery  from  paralysis  the  deficiency  in  co-ortiinating  power  may 
become  evident,  and  appear  to  retard  the  progress  of  the  case.  Nor 
are  the  cases  of  ataxia,  on  the  other  haniL  free  from  ])aralysis. 

The  gait  in  neuritis  is  quit**  characteristic.  By  contrasting  the 
walk  of  a  true  ataxic  patient  with  that  of  an  ataxic  alcoholic 
patient,  WestphaF  and  Charcot'  have  each  pointed  out  several  points 
of  difference.  The  tabetic  patient  throws  the  foot  forwarfi  with 
undue  violence,  the  toe  lifted  high  in  the  air,  and  Ijrings  first  the  heel 
down  forcibly  and  then  the  entire  foot.  The  alcoholic,  however,  has 
some  weakness  in  the  muscles  of  extension  and  cannot  raise  the  toe. 


Arch,  de  phys,,  1884,     See  also  Dreaclifeld,  Brain,  Noa.  26  and  32. 
Ueber  eine  bei  chroiuacheD  Alcohol  is  ten  b^obachtete  Form  von  G^b- 


^   DejeriQe. 
'  W^jHlphuJ 
stoningen,  ChaHt^  Annalen,  1S70. 

*  Charcot.     Lemons,  Le  Prugrfes  Mddioale.  1836 
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He,  therefore,  lifts  the  fo<>t  liigh  in  order  to  step  over  the  Imnging  toe 
and  not  to  trip  on  it,  but  the  motion  is  inado  without  untlue  force. 
He  then  tlirows  the  foot  forward  in  order  to  throw  the  toes  up  and 
get  theui  out  of  tJie  way  as  he  brings  the  foot  down  to  the  floor.  The 
motion  is  awkward,  anil  lias  an  appearance  of  one  stepping  over  high 
obstacles,  but  it  is  a  voluntary  attempt  to  remedy  a  deficient  power 
— not  the  involuntary  awkwardness  of  a  man  una!>le  to  manage 

rong  muscles.  There  may  be  in  botli  patients  some  tottering  and 
^^'a>Tng  when  standing  with  the  eyes  closed;  this  so-called  Romberg 
s}Tuptom  is  common  to  both  Iocomotr»r  ataxia  and  alcoholic  neuritis. 

The  vasomotor  syin|>toms  in  alcoholic  neuritis  are  very  variable. 
Scmietimes  they  ivreced**  the  attack  of  paralysis  for  some  months. 
There  are  irregularities  of  circulation  in  the  extremities  causing  cold 
hands  and  feet,  or  burning  red  hands  and  feet,  or  undue  sweating. 
When  the  paralysis  is  developed  the  color  of  the  extremities  is  pale; 
they  are  cotil  and  often  wet  with  perspiration  or  occasionally  livid  and 
hot.  If  allowed  to  liang  down  both  hands  and  feet  get  purple  and 
swtIL  Ross  saw  one  case  in  which  RaynaucFs  disease  developed.  As 
the  disease  goes  on,  glossy  skin  appears  and  tlien  the  dermal  tissues 
become  atropliied  and  the  skin  seems  tt>o  tight  for  the  fingers  and  toes. 
It  is  often  pigmented  and  scaly,  and,  when  the  teiKlerness  is  so  great 
as  to  prevent  washings  dark  brown,  scaly  masses  may  collect  on  the 
fingers  and  liands  and  feet.  The  growih  of  the  nails  is  alwaj's 
afTeeted.  Tliey  become  riilged  transversely,  are  thick  and  brittle^ 
and  too  tender  to  lie  cut.  a\b  recovery  l>egins  neWj  tldn,  healthy  nail 
appears  abov<*  the  thick  ridge.     (Se<*  Fig.  30,) 

The  special  sensf^  are  occasiunally  affected  in  cases  of  alcoholic 
paralysis.  Amblyopia  has  been  ol)servefb  and  also  defective  \ision 
from  central  scotoma.  The  field  f>f  color  vision  is  often  contracted 
even  when  sight  is  preserved.  There  may  develop  a  true  optic 
neuritis,  e\ddent  to  tlie  ophthalmoscope,  and  this  may  go  on  to  optic 
nerve  atrophy,*  Ine(iuality  of  the  pupils  is  frequently  seen,  as  is 
also  a  moderate  cmitraction  of  the  pupil.  All  these  eye  symptoms, 
occurring  as  they  may  in  a  case  of  the  ataxic  variety,  make  a  difTer- 
ential  diagnosis  from  locomotor  ataxia  difficult.  The  Argjdl-Robeil- 
son  pupil  (which  contracts  in  accorarafjdation,  but  not  to  light)  has 
not  been  sc*en  in  alcoholic  cases,  wiiile  it  is  an  early  sjTnptom  of  tabes. 
One  writer  affinns  that  a  condition  of  the  pupil  just  the  reverse  of  the 
Arg>'ll-Rol>ert.son  \yn\n\  is  present  in  alcoholic  neuritis,  a  pupil  which 
reacts  to  light  but  fails  to  react  in  accommodation.  I  have  been 
unable  to  confirm  this  statement. 

One  important  feature  of  alcoholic  jiaralysis  remains  to  be  noticed, 
viz.,  the  mental  swiptoms.  These  are  hardly  ever  wanting  in  severe 
cases.  I  called  attention  U\  these  sym|>toms  in  1887,*  They  have 
been  most  fully  described  bv  Korsakow^^  and  Soukhanoff,*     There  is 


»  BriBsaud,     Des  Pamlysies  Toxiquej*,  p,  31.  Paris,  1886. 

»  Middleton Goldsmith  Lectures,  1H87.     Medical  News,  March,  1887. 

'  Arch,  f-  P^veh.,  1892,  Bd.  xxL.  r»RO.  *  Rov.  de  M«d.,  Mliy,  1897. 
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at  first  excitement  rising  to  the  degree  of  Jictive  tlelirimn,  with 
illusions  aiul  hallueiriat ions  of  the  various  senses ;  there  is  insomnia, 
which  soon  exhausts  the  patient  if  it  is  not  renieched;  there  is  a  loss 
of  ineniory,  especially  of  recent  occurrences;  and  a  kick  of  power  of 
attention  or  concentration  which  prevents  intelligent  conversation. 

The  patient.s  are  usually  greatly  depressed  and  alarmed  at  their 
condition,  and  recjuire  hourly  reassurance  of  the  i>robaliility  of  re- 
cover>%  forgetting  what  has  been  tohl  them  almost  as  soon  as  it  htis 
been  uttered.  The  depression  may  !(*acl  tfj  crying  for  hours  at  a  time, 
but  the  self-reproaches  common  in  true  melancholia  are  never  heard 
in  this  state.  The  indifference  to  bodily  wants  may  be  so  great  as  to 
lead  to  yncleanliness»  and  since  paralysis  of  the  sphincter  is  the  rare 
exception,  incontinence,  if  it  occurs,  is  to  be  ascribed  to  the  mental 
stat^. 

It  is  useless  to  attempt  to  get  any  reliable  history  of  their  illness 
from  these  patients.  Tlieir  statements  are  unintelhgible  or  unre- 
hable.  They  will  relate  oceiiiTences  as  having  hapijened  recently, 
with  mucli  elai>oration  of  detail,  when  as  a  fact  the  story  is  entirely 
a  product  of  their  imagination.  Thus  one  patient  of  my  own  who 
had  been  confinetl  to  bed  for  many  days,  told  me  one  afternoon  that 
she  \nn\  lieen  out  to  see  an  eminent  gynecologist  during  the  moniing; 
had  gone  to  his  office  and  w^aited  for  him  several  hours;  had  seen 
other  patient-s  there,  and  finally  had  l:>een  told  by  the  doctor's  brother 
that  he  would  not  return  in  time  tt>  see  her,  so  she  had  come  home 
again.  And  this  was  all  related  in  ap})arent  good  faith,  so  that  I 
have  rio  doubt  that  she  lielieved  tiiat  what  she  said  had  occurred. 
St*veral  patients  have  declared  that  they  had  been  out  to  walk  or  to 
drive,  when  they  had  been  unable  to  leave  the  bed  for  some  weeks. 
One  patient  told  me  a  different  history  of  her  case  every  day  for  a 
week,  and  it  was  only  from  her  friends  that  the  correct  account 
WHS  obtained.  With  the  possil>i!ity  of  such  delusions  in  view,  it  is 
evident  that  the  statements  of  these  ]jatients  cannot  be  accepted 
regarding  anjihing,  especially  jus  to  their  own  history. 

The  course  of  alcoholic  neuritis  is  quite  uniform,  Mter  a  sudden 
onset  the  symptoms  advance  rajjitUy  to  a  high  degree,  w^hich  is 
reached  in  a  week  ov  two  from  the  beginning  ut  the  paralysis  or  ataxia. 
Then  they  may  increase  further,  and  cause  death  by  respiratory 
]>andysis.  T'sually  tliey  remain  stationary  fur  a  time,  which  may  be 
Severn  1  months  in  st»vere  types,  and  then  gradually  sul>side,  the 
entire  duration  being  frorii  four  months  to  two  years.  Inchvidual 
muscles  regain  their  powder,  tone,  firmnesis,  and  electrical  reaction 
slowly,  and  during  recovery  the  tingling  and  numboess  in  the  hands 
and  feet  may  l)e  severe.  In  a  {vw  cases  the  nmscles  become  con- 
tractured,  and  permanent  tiefortoities  develop,  only  to  be  overcome 
by  long-contimied  miusstige  or  by  operative  measures.  These 
deformities  cause  great  difficulty  in  regaining  the  power  of  walking. 
The  feet  camiot  be  placed  flat  on  the  ground  and  the  knees  are 'partly 
flexedi  so  that  it  is  often  montlis  before  the  patientvS  can  stand^  and 


ALCOHOLIC  NEURITIS. 


125 


even  when  by  the  aid  of  hija^h  heels  on  the  shoe,s,  svipportiug  braee.s  to 
the  ankles,  and  crutehes,  the  upright  position  can  l)e  attained,  it  is 
with  difReulty  that  the  balance  caii  be  preserved.  When  the  fact  is 
considered  that  those  who  recover  rapidly  rarely  fail  to  resort  again 
at  once  to  the  use  of  stimulants,  and  thus  expoi>e  themselvc*s  to  the 
danger  of  a  relapse,  the  ultimate  fate  of  the  clironic  eases  is  hardly 
more  serious  than  that  of  those  who  get  well  quickly. 

The  treatment  of  alcohoUe  neuritis  differs  in  no  respect  from 
that  alreariy  described  on  page  112, 

The  following  cases  illustrate  the  various  forms  of  the  disease: 

A  young  man  who  ha*!  drank  whit^key  eight  or  ten  times  a  day  for 
some  months  without  ever  being  drunk,  began  to  feel  a  numbness  in 
the  legs  and  then  in  the  hands,  which  w^as  followed  in  three  weeks  by 
^»nme  undue  fatigue  on  walking;  occasional  sharp  pains  in  the  legs, 
*and  a  week  later  l>y  weakness  in  the  extensors  of  the  feet  and  un- 
steadiness of  gait.  He  went  to  the  lint  Springs  of  Mrginia,  w^as 
treated  for  rheumatism,  as  he  suffered  wliile  there  from  pains  in  the 
legs,  but  was  finally  told  after  two  weeks  that  he  had  loct»motor  ataxia 
and  was  advised  to  go  home.  \\*hen  I  saw^  him  on  his  return  his  sub- 
jective numbness  was  attended  by  a  slight  anaesthesia  of  the  fingers 
and  toes.  His  calves  and  forearms  were  very  tender  to  pressure  and 
the  extensors  were  decidedly  weak,  so  that  he  could  not  raise  his  toes 
from  the  floor  when  standings  but  he  had  no  drop-foot  or  drop-w^rist. 
He  was  quite  ataxic  in  his  gait,  swayed  with  eyes  closed,  but  had  no 
ataxia  of  the  hands.  His  knee-jerks  were  absent,  but  he  had  no  dis- 
turbance of  his  bladder,  and  liis  pupils  reacted  to  light.  His  pulse 
wiu^  rapid  and  feeble,  and  he  was  subject  to  faint  feelings  and  occa- 
sional sudilen  fears.  He  was  put  t<  j  Imh  dei>rived  of  alcoholic  drinks, 
fed  frequently  and  well,  and  given  two  warm  baths  daily  and  genera! 
massage.  Cod-hver  oil  and  giycero-phosphate  of  soda,  15  grains, 
thrf*e  times  a  day,  were  given  daily,  with  strychnine,  ^^j,  three  times  a 
day,  four  days  in  each  week.  Within  four  weeks  his  symptoms  had 
improved  so  much  that  he  was  allowed  to  get  up.  At  the  end  of  nine 
weeks  his  paralysis  had  entirely  disappeared  and  he  no  longer  had 
pains  or  anaesthesia  or  any  ataxia;  and  foiu-teen  weelvs  from  the  date 
of  his  retiu-n  from  Vij*ginia  he  was  perfectly  well,  except  for  a  very 
slight  numbness  in  the  sole  of  one  foot.  The  knee-jerks  returned  in 
the  tenth  week.  The  entire  duration  of  his  illness  was  nineteen 
weeks.     He  has  had  no  recurrence. 

A  man,  aged  thirty-six  years,  a  hard  drinker,  aft^r  an  attack  of 
gastritis  became  paralyzed  suddenly  in  both  legs.  A  few  days  after 
this  both  hands  became  useless,  so  that  he  w^as  completely  helpless. 
On  admission  to  the  liospital,  seven  w^eks  after  the  onset,  he  com- 
plained of  pain  in  all  four  extremities,  aial  of  tenderness  in  the 
muscles  and  joints  when  these  were  handled.  The  upper  extremities 
were  almost  totally  [)aritlyzed  below^  the  elbows,  the  only  motion 
possible  Iieing  a  slight  flexion  of  the  fingers.  There  was  drop-wrist 
on  both  sides.     The  lower  extremities  were  totally  paralyzed  below 
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the  knee,  and  the  feet  hung  down  motionless.  The  muscles  of  the 
thighs  were  also  affected,  for  although  he  could  pull  his  legs  up  in  1  >ed, 
it  was  with  great  difliculty  that  they  could  he  straightened  out.  All 
the  paralyzed  muscles  were  atruphied,  and  showed  a  reaction  uf 
degeneration.  Tactile  sense  w^as  considerably  impau-ed  in  areas 
corresponding  to  the  region  covered  by  long  stockings  and  gloves, 
but  the  sensf»s  of  pain  and  teiiiperatiu'e  and  muscular  sense  seemed 
to  be  natural.  The  knee-jerks  wvit  lost.  Wlien  an  attempt  was 
made  to  have  him  stand,  the  feet  were  pushed  out  and  the  knees 
doubled  uialer  him  at  once.  Fibrillar}*  twitchirigs  were  very  notice- 
able in  the  atro]>hied  muscles,  and  a  markeLl  tremoi*of  the  tongue 
was  seen.  The  facial  aiixi  ocular  muscles  were  not  affected,  and  the 
special  senses  were  normal.  There  wtis  no  incontinence  of  urine,  and 
no  symptoms  of  thoracic  or  visceral  disease.  His  miiat  wiis  much 
impaired.  He  talked  in  a  rambling  maimer,  laughed  much,  and 
could  ncjt  fix  his  attention,  and  his  memory  was  so  poor  that  no 
rehance  could  be  put  in  his  statements.  Under  treatment  by  com- 
plete cutting  off  of  all  stinudants  and  by  iotlide  of  potash  he  began 
at  once  to  improve.  In  two  months  from  the  time  of  admission  he 
w^iis  able  to  walk,  and  two  months  later  he  was  discharged  perfectly 
well     In  this  case  the  duration  was  six  months. 

A  young  woman,  wliose  father  died  of  alcoholism,  had  drank  cham- 
pagne an(l  brandy  very  freely  for  two  years  during  a  period  of  mental 
distress.  She  was  tlien  (August)  sudderdy  seized  with  paralj-sis 
attended  by  severe  pain  in  arms  and  legs.  She  was  at  the  time  in 
Europe  but  was  brought  home,  being  carried  to  and  from  the  steamer. 
When  I  saw  her  in  November  slie  had  a  typical  alcoholic  neuritis, 
with  great  tenderness  along  the  nerves  in  the  calves  and  on  the  front 
of  tlie  thighs,  and  drop-feet;  cold,  clammy  hands  covered  with  scales 
and  jyigmented,  and  ame-sthesia  in  the  glove  and  stocking  area.s.  She 
was  suffering  intensely  from  such  pains  and  hyperirsthesia  in  her 
arms  and  legs  that  she  could  not  bear  the  weiglit  of  the  bedclothes. 
She  lay  in  bed  with  knees  flexed  and  feet  extended;  the  knee-jerks 
were  absent.  Her  pulse  was  feeble  and  rajjid  and  she  was  in  a  state 
of  great  mental  ilistress  at  her  condition.  She  requiretl  anodynes  to 
relieve  the  fiain.  Under  food,  cessation  of  alcohol,  %vhich  was  ex- 
tremely difhcult  to  secure,  as  it  was  the  only  thing  which  relieved  her 
pains,  and  general  tonics,  especially  strychnine,  she  improved  rapidly. 
In  Februar}^  she  was  able  to  walk  with  the  helj)  of  high  heels  and  corset 
shoes,  and  in  April  all  her  s}'mptonis  had  disappeared  excepting  numb 
sensations  and  an  occasional  pain  in  her  feet.  Her  knee-jerks  had 
returned.  She  soon  resumed  drinking  in  spite  of  warning,  and  six 
inonths  after  her  recovery  she  was  again  |mralyzed;  this  time  the 
liands  as  well  as  the  ftH't  being  helpless,  and  dro|)- wrist  developing  at 
the  same  time  as  drrqi-foot.  1  saw  her  in  Deeeml>er  in  the  second 
month  of  this  attack.  She  had  a  pulse  of  150,  irregular  and  inter- 
mittent, and  was  cyanotic.  Her  suffering  from  pain  was  extreme^ 
and  contractures  existed  in  all  the  extremities.     Glossy  skin  was 
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present  on  legs  and  arras,  and  the  extreiiiities  were  hot  and  perspir- 
ing. Her  mind  was  much  affected.  She  had  hallucinations  of 
touch  and  sight,  affirmed  that  her  hands  and  feet  were  tilled  with 
needles,  wliich  she  spent  hours  in  drawing  out  of  the  skin,  tilling  an 
empty  box  which  she  showed  me  as  full  of  them;  declared  that 
scissors  and  knives  were  still  buried  in  her  flesh  and  cutting  her.  She 
had  no  memor}^  of  the  events  of  the  past  two  months.  This  con- 
dition continued  for  three  weeks,  her  life  being  despaired  of  on 
account  of  her  weak  heart.  During  this  time  she  told  me  daily  some 
new  story  of  having  been  to  balls  and  receptions,  and  to  drive  in  the 
park.  Then  (January)  her  circulation  improved,  her  pains  became 
less  severe,  she  became  less  restless  an<i  was  able  to  sleep,  and  her 
mind  gradually  l>ecame  clearer.  At  the  end  of  April  she  could  use 
her  hands  a  little  and  had  lost  the  gh>ssy  skin  and  her  mind  was  clear. 
But  it  wajs  not  until  October  tliat  she  was  able  to  walk,  and  then  she 
had  to  w^ear  braces*     In  January  she  had  recovered. 


MUI.f  IFLE  NEURITIS  DtTE  TO  POISONIlia  BY  OARBON'MONOXIBE 
OE  ILI1UMIHATIH0  GAS, 

A  certain  number  of  persons  are  brought  into  the  hospitals  every 

year  suffering  from  acute  poisoning  by  illununating  gas.  Either 
accidentally  or  with  suicidal  intention  tlan^  have  turned  on  the  gas 
in  their  sleeping  rooms,  and  have  been  foumi  aft^r  several  hoiu^  in  a 
state  of  coma.  If  they  survive  this  condition  of  acute  poisoning  they 
sometimes  develop  symptoms  of  multiple  neuritis  within  a  week. 
These  sjinptoms  consist  of  tingling  and  numlniess  of  the  extremities,* 
more  acutely  felt  in  the  distal  partsand  attended  by  slight  anaesthesia, 
also  a  condition  of  weakness  in  the  muscles  which  does  not  go  on  t<> 
a  total  paralysis  but  makes  them  feel>le.  There  are  rarely  any 
atrophies  or  changes  in  the  electrical  contractility  in  the  affected 
muscles^  and  the  sensory  symptoms  are^  as  a  rule,  much  more  marked 
than  the  motor  symptoms.  For  many  weeks,  or  even  montlis,  these 
patients  suffer  from  para^sthesifp  which  are  excessively  disagreeable. 
In  a  few  cases  I  have  seen  a  slight  ataxia  of  movement,  both  in  walk- 
ing and  in  the  use  of  the  hands.  The  symptoms  gradually  subside 
under  general  tonic  treatment,  and  the  patient  finally  recovers. 

The  following  case  is  of  interest,  as  it  appears  to  be  a  case  of  mul- 
tiple neuritis  following  ()uisoning  by  natural  gas: 

The  patient  was  a  healthy  man  of  good  hal)!ts  who  had  lieen  very 
much  exposed  to  the  fumes  of  natural  gas  in  his  home  in  Peru,  Ind, 
He  gradually  developed  symptoms  of  tingling  and  numbness  in  the 
legs,  which  soon  after  exteniled  to  the  hands  and  increased  in  extent 
until  the  legs  and  thiglis  and  the  hands  ami  forearms  were  the  con- 
stant seat  of  tlisagr* 'cable  numbness.  After  suffering  in  this  manner 
for  tJn^ee  months  he  liegan  to  notice  an  uncertamty  of  gait,  which 
soon  became  a  marked  ataxia.     There  were  at  no  time  any  pains, 
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pnmlyt^is,  atFDphy,  fibrillary  twitching^,  or  di^turliaiii'cs  of  the  blad- 
der and  rectum.  His  kne^-jerks  were  normal  and  hi.s  pupils  reacted 
perfectly  to  lig!it>  but  hi.s  ^ait  was  fiistinctly  ataxic;  ho  swayed  mth 
his  eyes  closed  and  had  a  marked  condition  of  ana'sthesia  to  touch, 
temperatun*,  ancl  pain  as  hijS^h  as  the  middle  of  the  thighs  and  elbows, 
this  afiapsthesia  lieing  more  intense  in  the  hands  and  feet  than  in  the 
upper  parts.  He  hatl  had  during  the  entire  illness  some  gastro- 
intestinal catarrh  with  attacks  of  tharrhcea,  but  careful  investigation 
failed  to  reveal  any  possilile  source  of  poisoning  by  lead^  arsenic, 
mercury,  or  drugs.  It  was  discovered,  however,  that  in  both  his 
house  and  office  natural  gas  was  burned  for  heating  and  lighting 
purposes,  and  that  the  fixtures  were  imperfect,  resulting  in  incom- 
plete condjustion  and  leakage  so  that  it  was  necessary  to  make  special 
provision  for  ventilation,  and  i>oth  house  and  office  were  often  filled 
with  foul  and  nauseating  gases  wdien  the  draughts  through  the  ven- 
tilators were  imperfect.  On  removal  from  his  home  to  the  Clifton 
Springs  Sanitarium,  he  ra]>idly  impnived  under  g<*neral  treatment 
and  was  able  to  return  home  after  three  months  quite  recovered. 
A  year  later,  however,  also  in  the  spring,  after  the  confinement  of 
the  winter,  the  symptoms  recurred  with  equal  intensity  and  remained 
for  eight  weeks  until  he  jigain  left  home,  when,  after  four  weeks,  they 
subsided.  In  the  absence  of  any  other  cause  (and  great  care  was 
taken  to  ascertain  some  cause  for  the  condition)  the  neuritis  was 
ascribed  to  the  inhalation  of  natural  gas. 

A  number  of  crises  of  neuritis  in  single  nerves  have  been  re|X)rt'ed 
by  foreign  obsen^ers  occurring  after  poisoning  by  illuminating  gas. 
It  is  to  be  remembered  that  in  a  state  of  long-continued  coma, 
pressure  upoji  nerve  truoks  may  occur  of  sufficient  duration  to  cau3e 
traumatic  neuritis  which  has  not,  under  such  circumstances,  any 
relation  to  the  cau^e  of  the  coma. 

MUIiTlPLl  KEUEITIS  DUE  TO  POISONING  B¥  SULPHIDE 
OF  OARBOK. 

Multiple  neuritis  may  develop  in  workmen  who  are  exposed  to 
jjoisoiiing  from  sulphide  of  carbon.  This  substance  is  present  in 
rubber  and  the  disease  has  been  observed  in  those  who  work  in 
rubljer  factories  where  ventilation  is  neglected.  The  fumes  or  the 
}K>wder(^d  dust  containing  sulphide  of  carbon  are  inhaled  or  get  into 
the  mouth  and  are  taken  into  the  stomach.  The  effect  of  the  poison 
is  slowly  developed  and  seems  to  be  wndespread.  In  addition  to 
a  state  of  general  aniemia,  with  disturbances  of  digestion,  the  patients 
suffer  from  headache,  iiial)ility  to  fix  the  attention  anil  to  remember, 
and  from  many  symijtomsof  functional  nervous  disorder,  which  may 
awaken  a  sus[>icion  of  liysteria;  Init  as  time  goes  on  the  symptoms 
of  multiple  neuritis  apf>ear,  and  these  may  be  of  the  paral>i^ie  or  of 
the  ataxic  typf'^  and  pursue  a  course  not  unlike  that  observed  in 
alcoholic  or  arsenical  c:i.ses.     The  development  of  cerebral  and  of 
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^inal  symptoms  in  some  of  the  rruorded  cases  makers  it  probable 
that  the  poisoo  has  an  effect  upon  the  central  nervous  system,  and 
that  the  lesion  is  not  in  all  ctises  limited  to  the  i>pripheral  nerves. 
Autopsies  are  wanting  to  establish  an  exact  pathology. 

The  disease  is  exceedingly  rare  and  has  been  deseribed  as  a  curiosity 
by  various  foreign  observers.*  I  can  find  no  cases  publislied  in  this 
country,  and  tliis  is  very  surprising,  as  the  de^'elopme^t  of  our  rubber 
industries  has  been  extensive  in  recent  vears. 


MULTIPLE  NEURITIS  DUE  TO  POISONDTd  BY  THE  COAL-TAR 
PRODUCTS,  ESPECIALLY  8ULPH0NAL  AHD  TRIONAL. 

Since  the  general  use  of  the  coal-tar  products  in  the  treatment  of 
disease,  especially  of  painful  affections,  and  the  free  use  of  sulphoiial 
and  trional  in  the  treatment  of  insomnia,  a  few  cases  of  multiple 
neuritis  hnve  l>een  reported,  occurring  in  patients  who  had  abused 
these  drugs.  And  their  chemical  resemblanct^*  to  alcohol  lends  a  cer- 
tain amount  of  suj>port  to  the  hypothesis  that  they  are  capable  of 
producing  multiple  neuritis.  Remak  has  reported  a  ease  as  ha\ing 
occiu*red  subsequent  to  the  iLse  of  antipyrine,  and  Stewart  Hart^  has 
recorded  a  case,  which  I  saw  with  liim,  probably  producetl  by  the 
constant  use  *>f  trional.  A  patient  of  my  own,  who  took  120  grains 
of  sulphonal  in  four  hours  by  mistake,  slept  two  days,  waa  markedly 
cyanotic,  with  pulse  of  120  and  shallow  respiration,  and,  for  three 
weeks  afterward,  suffered  from  para^sthesife,  weakness,  and  ataxia 
in  tlie  arms  Ik^Iow  the  elbows  and  in  the  legs  below  the  knees.  The 
symptoms  gradually  subsided.  They  resembled  so  closely  those 
which  I  had  seen  in  hospital  cases  of  iUuminating-ga,^  poisoning^  that 
it  seemed  justifiable  to  ascribe  them  to  a  mild  comlition  of  neuritis. 

Multiple  neuritis  hm  lieen  saitl  by  Ross  to  have  been  caased  by 
poisoning  with  roburite  (dinitrobenzol)  used  l>y  miners,  and  by 
poisoning  with  aiiilin  oil,  used  by  dye  manufacturers.  In  the  cases 
recorded  the  symptoms  in  both  forms  of  poisoning  were  those  of 
multiple  iieripheral  neuritis,  together  with  general  constitutional 
effects — anspmia,  cyanosis,  and  a  blue  discoloration  of  the  mucous 
membranes,  due  to  the  action  of  the  poison  on  the  hiemoglobin, 

ARSEKIOAL  KEUEITI8. 

HistohcaL  Up  to  the  year  1883  the  various  nervous  aflfections 
produced  by  acute  or  chronic  poisoning  by  arsenic  had  been  ascribed 
to  spinal-cord  lesions.     V^ulpian,'  Virchow  and  Scolozouboff*  insisted 


^  R.  Landcnbeimer.  Die  SehwcfolkohleriBtoff  Vergiftungfun  der  GuQumarbeiter. 
Leipiig,  1899,  wht»re  full  references  to  all  published  cases,  at^^ut  forty  in  number,  cad 
be  found. 

■  AmeffioAii  Joum&l  of  the  Medical  8cience«,  194J1 . 

*  Le^ofis  «ur  les  Mai.  du  Syst.  Nerv.,  1879,  p.  157. 

*  Areh,  de  Phys.  Norm,  et  Path.,  1884,  p.  325. 

9 


130 


THE  TOXIC  FOHMS  OF  MULTIPLE  NEURITIS. 


upon  the  central  origiii  of  arsenical  paralysis;  the  latter,  with  Popow/ 
basing  his  assertions  upon  physiological  experiments.  Dejerine,^ 
however,  io  1883,  after  his  studies  of  alcoholic  paralysis,  already 
cited,  concluded  from  the  close  resemblance  lietween  alcoholic  and 
arsenical  paralysis  that  the  lesion  was  a  multiple  neuritis.  And 
subsequent  observations  by  Pliihidelphia''  and  Boston  }ihysieians, 
by  Jaesche*  Naunyn,^  Dana,**  Goldflam/  Jolly,**  and  Ilenscben* 
have  established  beyond  doul)t  that  the  lesion  in  arsenical  poison- 
ing lies  exclusively  in  the  nerves,  This  fact  has  received  complete 
confirmation  during  the  prevalence  of  an  epidemic  of  arsenical  poison- 
ing from  beer  which  occurred  in  England  in  1899.^*^ 

Etiology »  Arsenical  poisoning  may  occur  from  the  accidental 
or  suicidal  ingestion  of  any  one  of  the  arsenical  salts — Paris  green 
being  the  one  usually  selected  by  those  attem]>ting  suicide.  The 
most  common  cause,  however,  is  the  acciilental  cluTJiiic  poisoning 
which  occurs  in  certain  nuinufactiires,  notably  in  tin  mines,  and  in 
tin  works;  in  dyeing  establishments  and  in  sulphiu'ic  acid  factories, 
and  in  those  industries  in  which  sulphuric  acid  is  larg<*ly  used.  This 
acid  is  now  made  chiefly  from  arsenical  pyrites  and  thus  contains 
considerable  quantities  of  arsenic. 

Chronic  arsenical  poisoiung  may  occur  from  drinking  beer  in  the 
brewing  of  which  glucose,  or  "  invert  sugar, '^  j>repared  by  the  aid  of 
sulphuric  acid,  enters.  Thus  in  the  English  epidemic  it  was  ascer- 
tained that  many  l>eers  brewed  in  Salford  and  Manchester  contained 
from  0.14  to  0.28  grain  of  arsenious  acid  to  the  gallon^  and  tliis  was 
shown  conclusively  to  he  present  only  in  the  glucose  or  invert  sugar 
usetl  in  tlie  brewing,  all  other  constituents  of  the  beer  being  free  from 
arsenic.  The  glucose  was  found  to  contain  arsenic  in  the  proportion 
of  4  parts  to  10,0(K). 

C'ln-onic  arsenical  poisoning  may  also  arise  from  the  inhalation  of 
particles  of  arsenic  in  the  air,  which  are  given  off  from  wall-papers 
and  from  car])ets,  hangings  and  furniture  coverings, and  from  artifieiai 
flowers  containing  arsenical  dyestuffs/*  This  was  the  cause  in  a  case 
of  my  ovm.  The  patient  was  a  woman,  who,  t-o  avoid  miscarriage,  was 
kept  for  four  montlis  in  a  room  whiefi  had  been  newly  jiaj)ered  and 
furnished  with  greim  cretoTme  sul>sequently  found  to  contain  large 
quantities  of  arsenic.  The  frequency  of  such  poisoning  has  led  to 
the  passage  of  laws  in  the  State  of  Massachusett.s  restricting  the  use 


»  Virchoi^'B  .Aj-ch.,  1883,  Bd.  93.  p.  351 . 

•  Comples-rendua^  TomexcviiL,  Nr.  17,  Oct.  1883. 

•  Proc<?ediiig9  of  the  Cnlk*gf»  of  FhysicuuiB  of  Plul»delphiB,  1883, 

•  Inaiig.  Dis,,  Bn>«<lau,  1883. 

•  Berliner  klin.  Woch.,  1886,  p,  556. 

•  Brain,  1887,  vol.  ix.  p.  456. 

T  35eil^h.  f.  klin.  Med.,  1888,  p.  3f>9. 

•  Deutachc  mod.  Wochon.,  1893,  Nr,  5,  and  Charity  Antialen,  1893. 

•  On  Ai^cnical  Paralyaia,  Tranaactiona  of  the  R03-&I  Society  of  Scienccfi  in  Upsala^ 
1803. 

••  Kelvnack  and  Kirkby,  Areeniwd  Poieoiiinic  in  Beer  Drinkers,  Ballierc,  Tindall  and 
Cox,  London,  1901.     Also  Lancet,  1900,  vol.  i.  p,  1610. 

*i  J.  J,  Putnam.     Boston  Medical  and  Surgical  Journal,  1889,  p,  235, 
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of  dyes  contaiiiiiig  arsenic.  Many  toilet  powderi*  contain  arsenic, 
and  the  inhalation  of  j>articli?s  given  off  frona  these,  or  the  apphcation 
of  arsenic  in  them  to  the  skin  may  produce  poisoning.  The  medicinal 
u«e  of  arsenic  in  large  doses  or  in  small  doseis  long  continued  may 
give  rise  to  arsenical  poisoning.  This  is  particularly  liable  to  occur 
in  the  treatment  of  eborea,  of  pernicious  amemia,  and  of  carcinoma, 
in  all  of  which  diseaa»s  the  drug  is  employed  for  months  at  a  time.  I 
have  seen  two  cases  of  arsenical  paralysis  among  1400  children 
treated  for  chorea  in  my  cUnic.  The  more  the  danger  of  chronic 
arsenical  poisoning  is  appreciated  and  the  greater  the  use  of  articles 
into  the  manufacture  of  which  it  enters,  the  more  frequent  are  the 
reports  of  cases  arising  in  an  unexpected  manner.  It  is  known  that 
in  Steiermark,  in  Austria,  large  numl>ers  of  the  peasants  eat  arsenic. 
F,  Muller*  ht^s  found  arsenical  paralysis  xpry  common  among  this 
clasps,  in  fact,  even  more  common  than  tliphtheritic  paralysis. 

Pathology.  A  simple  parenchymatctus  neuritis,  mthout  any  in- 
terstitial intlammatic^n,  has  been  found  in  many  cases  of  arsenical 
multiple  neuritis.  In  these  cases  the  cluef  change  is  limited  to  a 
destruction  and  degeneration  of  the  myelin  sheath,  the  axis  cylinder 
remaining  intact.  The  myehn  is  broken  into  fragments  or  httle 
balls,  which  are  found  in  all  stages  of  fatty  and  granular  degeneration 
witliin  the  sheath  of  Schwann.  The  nuclei  within  the  sheath  are 
increased  in  number.  This  lesion  has  been  termed  segmental  peri- 
axillary neuritis,  as  the  process  may  be  scattered  along  the  ner%T  and 
may  not  be  continuous  from  one  segment  to  the  next.  In  sc*verer 
cases  the  axis  cylinder  is  destroyed^  being  found  in  all  stages  of  dt^gen- 
eration.     In  these  ciises  many  empty  sheaths  of  Schwann  are  seen. 

Changes  have  also  been  found  in  arsenical  paralysis  in  the  spinal 
cord.  The  same  chromatolysis  in  the  cells  of  the  anterior  horns, 
which  hiis  been  described  in  alcoholic  paralysis,  has  been  observed, 
but  this,  as  already  stated,  is  of  little  importance.  Herischen  has 
found  a  true  degeneration  in  these  cells,  and  has  also  noticed  an 
asceniOng  degeneration  in  the  cohioins  of  Goll,  which  may  be  due  to 
a  primaiy  degeneration  in  the  cells  of  the  posterior  spinal  ganglia. 

Symptoms.  Tlie  symptoms  of  arsenical  neuritis  do  not  differ  very 
markedly  from  those  of  atcohohc  neuritis.  In  both  there  are  two 
types  of  ease — one  characterized  l>y  paralysis,  and  the  other  by 
ataxia.  There  is  little  or  no  difference  in  the  mode  of  onset  of  the 
symptoms  between  cases  of  acute  and  chronic  ]>oisoning. 

There  are  certain  general  constitutional  symptoms  which  first 
appear  in  arsenical  poisoning  and  attract  attention.  If  the  poisoning 
is  acute,  \'ioIent  vomiting  and  <liarrha'a  occur  at  once,  and  sometimes 
save  the  life  of  the  patient,  the  poison  being  rejected  and  not  ab- 
sorbed. If  the  poisoning  is  chronic,  a  puffiness  of  the  eyelids  apir^ears, 
at  first  most  noticeable  in  the  morning;  a  tearful  ai>i>earance  of  the 
face,  and  some  catarrh  of  the  nose  is  observed,  and  not  infrequently 


*  wiener  med.  Preaae,  1894,  Nr.  15. 
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gastric  and  enteric  symptoms  develop.  There  ma}'  be  |min  in  the 
stomach,  nausea  and  inability  to  retain  lood;  and  fluids  green  or 
slimy  movements  with  some  lenesnius.  In  some  rases  a  mild  fever 
attends  the  attack,  a  rise  of  1®  or  2°  F.  occurring  and  persisting  for 
some  weeks. 

In  arsenical  nemitis  the  first  symptoms  complained  of  are  sensory 
in  t>^e.  Tingling  and  numbness  in  the  feet  and  hands,  bm'ning  of 
the  surface,  tearing  and  shooting  pains,  and  great  soreness  in  the  skin 
and  in  the  calves  of  the  legs  and  feet,  and  soon  a  feeling  of  weakness 
in  the  legs,  great  fatigue  on  w^aLking,  fiifficulty  in  rising  from  a  seat 
or  in  going  up  stairs,  and  a  staggering  gait  are  noticed.  As  the 
general  feebleness  increases,  paralysis  de\'elops  rapidly  in  some  cases, 
in  others  ataxia  is  more  marked.  The  paralysis  appears  in  the  feet 
and  hands,  the  lower  extremities  being  first  affected.  There  is  the 
same  Imiitation  of  this  paralysis  to  the  small  miLscles  and  to  the 
extensor  groups  of  muscles  of  the  extremities  that  is  seen  in  alco- 
holic cases.  The  paralysis  is  flaccid  in  type,  is  soon  followed  by 
atrophy,  which  is  first  noticed  in  the  interossei  of  tlie  hands,  and  then 
ai>pears  in  the  peronei  of  the  legs  and  in  the  extensors  of  the  wrists, 
and  is  attended  by  loss  of  muscular  tone  and  mechanical  excitability. 
The  reaction  of  degeneration  is  usually  present.  The  tendon  reflexes 
are  diminished  or  lost.  The  superficial  reflexes  are  normal  or  are 
increased.  Drop-WTist  and  drop-foot  develop  early  and  may  Ijccome 
extreme.  The  distribution  of  the  paralysis  i^  always  bilateral  and 
symmetrical.  In  severe  cases  the  patients  are  confined  to  bed,  and 
contractures  in  a  flexed  position  gradually  develop  and  may  become 
permanent.  Thus  in  a  case  of  mine  whicli  followed  acute  ])oisouing, 
the  hands  were  fixed  in  a  claw  position  for  many  montlis  after  all 
other  symptoms  had  jiassed  away. 

WTien  the  ataxia  precedes  paralysis  the  gait  becomes  unstead}*  an<i 
irregular,  the  patient  sways  in  standing  with  eyes  closed,  he  drags  his 
feet  and  shuffles  along  and  finally  shows  the  "stepping  gait'^  de- 
i9crihed  in  alcoholic  cases.  The  dropping  of  the  feet  serves  to  dis- 
tinguish this  gait  from  that  of  tabes,  though  French  wTiters  have 
lU^scribed  these  ca^es  as  pseudo-tabes  arsenicale.  Such  a  gait  was 
wT'll  marked  in  both  patient8  with  chorea,  who  developed  arsenical 
paralysis  uinler  my  observation.  The  ataxia  is  also  present  in  the 
hands  and  is  accompanied  by  uit  impairment  or  loss  of  muscular 
sense.  It  is  always  attenrled  by  a  considerable  degree  of  weakness, 
and  this  commonly  goes  on  to  paralysis  and  the  patients  have  to  go 
to  bed. 

In  both  types  {>f  the  disease,  wlien  the  symptoms  are  fully  devel- 
oped, the  pain  and  tenderness  are  extreme.  Many  patients  cannot 
endure  the  slightest  touch,  even  the  l»edclothes  causing  agony;  and 
the  extreme  tenderness  in  the  muscles  below  the  knees  and  elbows 
prevents  any  manipulation  of  the  extremities.  The  hyperopsthesia 
is  felt  more  acutely  in  the  distal  parts  of  the  extremities  and  rarely 
above  the  elbows  and  knees,  but  when  the  ataxia  and  paralysis  are 
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fully  developed  it  renders  the  patient  particularly  helpless.  A 
marked  tremor  in  the  hands  is  usually  an  early  symptom  in  both 
types  of  case.  The  ocular  muscles  and  the  facial  muscles  are  not 
affected  and  the  trunk  muscles,  the  intercostals,  and  the  diaphragm 
also  escape.  Occasionally  erj^hema,  redness  of  the  skin,  crdema  of 
the  extremities,  cyanosis  and  unusual  sweating,  indicate  an  impli- 
cation of  vasomotor  and  trophic  nerve  fibres.  Some  observ^ers  have 
reported  a  condition  reseml>ling  erythromelalgia. 

The  diagnostic  symptom  of  greatest  importance  in  arsenical  neuritis 
is  the  appearance  presented  by  the  skin.  This  becomes  gradually 
darker  from  the  defjosit  of  pigment,  so  that  the  complexion  resembles 
that  of  a  gjl>sy,  and  if  extreme  the  skin  may  finally  turn  almost 
black.  The  pigment  is  first  deposited  about  the  normally  pigmented 
regions  of  the  l>ody,  in  the  axilla^  and  groins  and  around  tlie  ni|>i>les. 
It  soon  appears,  however,  on  the  eyelids^  on  the  abdomen  and  thorax, 
and  finally  on  the  surfaces  of  the  arms  and  legs,  the  flexor  surfaces 
l^ing  la-st  affected.  The  pigmentation  is  diffuse,  but  here  and  there 
little  islets  of  normal  skin  give  a  mottled  appearance  to  the  surface. 
The  color  is  rather  darker  than  that  seen  in  Addison's  disease,  and  the 
mucous  menihranes  are  never  discolored  as  in  that  iiffection.  The 
pigmentation  may  he  preceded  by  erythema  and  may  be  followed  by 
various  eruptions,  papillary,  eczematous,  or  herpetic.  Herpes  has 
been  obser\^ed  in  many  cases,  usually  on  the  limbs,  sometimes  on  the 
body.  After  a  time  the  skin  desquatnates  in  small  flakes,  but  several 
desquamations  may  he  necessfiry  before  a  normal  color  is  regained. 
Sometimes  tliere  is  a  marked  tliickening  of  the  skin,  especially  over 
the  knuckles,  on  the  palms  and  soles.  Changes  in  the  nails  are  very 
common,  a  thickening  and  brittle  state  being  evident  and  rough 
ridges  appearing  transversely.  The  appearance  of  normal  nails 
gro\\4ng  out  above  the  ridges  indicates  beginning  recovery.  In  the 
Manchester  epidemic  there  were  skin  lesions  in  97  per  cent,  of  the 


ca.ses/ 

In  one  case  of  acute  poisoning  by  Paris  green,  a  reddish  eruption 
appeared  on  the  tentli  day  upon  the  hands,  WTist^,  and  forearms, 
and  uj>on  the  ankles  arni  feet,  and  io  twenty-four  hours  had  spread 
over  the  entire  bo<ly.  Four  days  later  tWs  had  gradually  disap- 
peared, and  then  mmibness  was  first  felt  in  the  hands  and  feet.  This 
extended  rapidly,  and  in  three  days  had  reached  elbows  and  knees. 
Paralysis  began  at  the  same  time  as  the  numbness,  and  in  a  week  aU 
power  of  movement  below  the  knees  and  elbows  was  lost.  This  re- 
mained for  two  weeks,  and  then  slowly  passed  off,  recovery  not  being 
complete  for  six  months. 

The  sjiliincters  are  never  involved  in  arsenical  paralysis. 

Mental  symptoms  have  been  described  by  a  few  observers,  con- 
sisting of  hallucinations,  mild  delusions,  stupor,  and  loss  of  memory. 
In  the  English  epidemic  these  were  observed  only  in  individuals  who 


■BritiBb  MedicAl  Journal  tUtXJ,  voJ.  ii.  p,  1725. 
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showed  other  signs  of  chronic  uicohohsin,  but  Jolly  has  seen  them  in 
a  noo-alcoholic  case.  And  the  fact  that  arsenic  has  a  stiniulatiiig 
action  upon  tlie  brain  is  said  to  be  one  reason  for  its  use  as  a  food  by 
the  Steierraark  peasantry. 

The  s}Tnptoms  all  subside  slowly  and  progressively,  and  recovery 
of  power  and  of  co-ordination  is  accompanied  by  a  relief  from  the 
hypencsthesia  and  the  })ain. 

The  duration  of  arb>eJiical  pnralysifc?  is  .somewhat  greater  than  that 
of  arsenical  ataxia.  Either  condition  may  last  several  months,  but 
occasionally  the  recovery  is  complete  in  a  few  weeks.  Frequently^ 
after  the  power  has  returned,  the  patient  suffers  for  months  from 
numbness  and  tinghng  in  the  extremities,  which  arc  sufficient,  as  in  a 
case  under  my  own  observation,  to  interfere  with  the  finer  motions, 
to  disturb  the  sleep,  and  to  cause  constant  discomfort.  According 
to  Gerhardt,  97  i>er  cent,  recover  wholly.  And  in  the  English  epi- 
demic, althougli  the  numbcT  of  cases  was  very  large,  several  thou- 
sand having  been  observed  in  the  hospitals  an<i  dispensaries,  the 
number  of  deaths  reported  was  comparatively  smalL 

Treatment  consists  in  elimination  of  the  arsenic  by  the  free  use 
of  water  and  in  restoring  the  general  health  of  the  patient.  It 
does  not  differ  in  any  way  from  the  line  of  treatment  for  imiltij>le 
neuritis,  already  described  in  detail  on  j^age  112. 

The  following  ease  is  interesting  on  account  of  its  causatifm,  and 
offers  atypical  history  of  the  disease: 

Female,  aged  thirty  years,  previously  in  good  health,  became  preg- 
nant in  Noveml^er,  1894,  and  until  March  10,  1S95,  suffered  exceed- 
ingly from  the  vomiting  of  pregnancy^  and  became  rapidly  emaciated 
from  inability  to  retain  food,  so  that  she  lost  ninety  pounds  in  weight. 
During  tliis  time  she  was  confined  to  one  room,  the  furniture  and 
w'all'paper  of  which  on  subsequent  examination  were  found  to  con- 
tain abcait  two  grains  of  arsenic  to  the  square  yard.  (>n  March  lOth 
she  began  to  suffer  from  tingling  and  numbness  in  tlie  legs  and 
noticed  some  difhculty  in  stretching  out  her  legs,  and  this  paralysis 
increased  rapidly,  so  that  by  the  15th  of  March  there  was  almost 
total  ))aralysis  of  both  legs  and  very  great  pain  and  tenderness  in 
both  legs,  together  with  a  sense  of  numbness  and  tingling  in  the  feet 
and  legs  as  high  as  the  knees.  There  was  great  sensitiveness  of  the 
legs  to  cold  and  heat,  and  any  movement  of  the  legs  mtis  extremely 
painful,  the  pain  being  felt  in  the  muscles.  The  knees  were  prefer- 
ably kept  in  a  position  of  flexion  as  extension  %vas  too  painful  to 
be  endured.  On  the  20th  of  March  an  extensive  eczema  appeared 
all  over  the  body,  Init  luore  particularly  in  the  legs  and  arms,  and 
was  attended  l>v  a  il(*ep  liruwn  pigmentation  of  tlie  skin  and  by  some 
desquamation.  On  Ajiril  1st,  a  total  paralysis  had  tleveloped  in  the 
feet  and  ankles  and  drop-foot  was  present  on  both  sides.  The  mus- 
cles below  the  knees  were  very  weak,  but  the  thighs  could  be  moved 
normally.  The  knee-jerks  were  lost.  Any  attempt  to  stand  was 
ini]jossibl<»  on  account  of  the  paralysis  of  the  feet  and  ankles,   and 


MULTIPLE  NEUItlTLS  DUE  TO  POISONiya  BY  LEAD.      13,5 


I 


the  extremf^  pain  that  any  pressure  upon  the  sole's  of  the  feet  pro- 
duced. The  muscles  were  flal)l>y  and  the  nuiseuljir  tone  and  me- 
chanical exe  it  ability  were  aljolished,  and  faradie  coDtractility  w^as 
IcKst  in  the  muscles  below  the  kncnvs.  There  wa.s  no  afTection  of  the 
bladder  or  rectum  and  no  tendency  to  bed-sores,  but  the  nails  of 
the  toes  were  discolored  and  ridded,  and  the  nails  ceased  to  p^row  for 
tlu'ee  months.  There  was  a  constant  sensation  of  tinp;linf]j  and  numb- 
ness in  the  fingers,  l>ut  no  evidence  of  paralysis  or  ana'stiiesia.  Her 
room  w^as  changed,  thus  removing  her  from  the  source  of  the  poivsou. 
The  gastro-intestinal  catarrli,  which  was  doubtless  due  Ut  the  arsenic, 
soon  subsided  under  treatment  and  she  Ijcgan  to  retain  her  food. 
In  August  she  was  aljle  to  walk  with  a  little  aid.  In  Deceniljer  she 
still  recfuired  some  help  in  walking,  as  the  foot-<iroj)  persisted,  and 
braces  had  to  be  used  fur  the  ankles,  with  high-heeled  shoes,  and  at 
this  time  her  legs  were  still  stiff  and  numb.  There  were  no  knee- 
jerks,  and  sensations  of  p;un,  heat,  and  cold  were  much  less  quickly 
and  keenJy  perceiveil  l)elow  the  knees  than  al>o\'e,  or  \ipon  the  hands. 
In  April,  1896,  she  had  recovered  entu-ely. 

MULTIPLE  NEURITIS  DUE  TO  FOISONIKG  BY  LILAD. 

Etiology.  Poisoning  by  lead  is  always  a  chronic  iJ«:>isonitig  and 
usually  occurs  in  painters,  in  plumbers,  in  t\q3esetters,  or  in  workers 
in  lead  objects  such  as  toys,  who  come  in  contact  with  lead,  either 
in  the  form  of  metallic  lead  or  of  some  of  the  salts  of  lead  which  are 
used  in  mixed  paints.  Painters  who  work  in  the  open  air  are  less 
liable  to  lead  poisoning  tiian  thctsew^ho  lalxir  in  rooriLs;  and  those 
are  most  liable  who,  like  the  varnishers  in  carriage  factories  and 
fiu*niture  t^tahlishments,  scrafie  off  old  paint  |>re|jaratv>ry  to  putting 
on  a  new  coat,  .\ny  work  which  results  in  the  produc^tion  of  dust 
which  may  be  mixed  with  lead,  or  its  salts,  may  be  productive  of 
lead  poisoning.  It  is  evident  that  the  inlu^lation  of  the  dust  is 
one  method  of  the  entrance  !>f  the  pois*>n  into  the  botly.  Laborers 
who  work  in  factories  where  china  earthenware  is  jiroduced  and 
where  glazes  and  fretted  glass  are  manufactiu-ed  are  very  lial»le  to 
lead  poisoning.  In  the  midland  counties  of  l^jigland,  where  such 
industries  are  common,  in  Limoges,  France;  in  Dresden,  Germany; 
and  in  Trenton,  New  Jersey,  many  cases  are  seen  annually. 

The  iLSual  method  of  poisoning,  however,  is  by  swallowing  the 
lead,  andy  as  many  painters  do  not  properly  clean  the  hands  before 
taking  their  noonday  meal,  the  poisoning  is  often  acquired  in  this 
way.  8ome  individuals,  however,  appear  to  be  extremely  suscep- 
tible to  lead  poisoning.  Thus,  1  have  known  most  serious  cases  in 
children  of  painters  who  could  only  have  obtained  the  poison  by 
inhalation  of  the  fumes  of  j)aiiits  that  were  kept  in  the  room.  I 
have  known  small  amounts  of  lead  trj  jiroduce  severe  poisoning  when 
taken  into  the  stomacli.  YUx^r  bottles  are  frequently  cleaned  by 
being  shaken  with  lead  shot  within  them,  and  I  have  knovvii  lead 
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poisoning  to  occur  from  cirinking  the  beer  from  surh  bottles.  1  have 
known  lead  poisoning  to  occiu*  in  servants  who  drank  the  water  fii-st 
drawn  from  tlie  spigot  early  in  the  morning,  water  which  had  ??tnod 
in  the  lead  pijies  all  niglit  and  had  thus  bec(»me  impregnated  with 
some  of  the  soluble  salts  of  lead.  I  have  known  severe  cases  in  iype- 
setters  whose  fingers  were  stained  liy  the  constant  handling  of  me- 
tallic lead,  I  have  also  known  it  in  plumbers  after  long  labor  in 
laying  lead  pipes.  Horses  are  subject  to  lead  ]jalsy.  Lead  is  not 
frequently  used  as  a  medicine,  and  I  have  never  known  a  case  of 
jjoisoning  from  this  soiu'ce.  .\lcohohc  subjects  are  more  liable  to 
develtip  lead  ])alsy  than  rithers. 

Pathology.  The  pathology  of  lead  palsy  has  been  a  matter  of 
dispute  among  authorities  for  many  years.  Many  \mters  have 
found  changes  in  the  cells  of  the  anterior  horns  of  the  spinal  cord, 
ivhile  others,  more  recently,  have  niaintmiied  that  the  changes  are 
limited  to  degeneration  of  the  peripheral  nerve  trunks.  The  estab- 
lishment of  the  neurone  theory  has  thrown  light  upon  these  differ- 
ences of  opinion,  and  t!ie  discovery  of  more  delicate  methods  of 
staining  by  Nissl  and  Marehi  have  demonstrated  that  the  entire 
motor  neurone  may  be  affected  in  this  disease.  The  most  evident 
changes  are  a  degenerative  neuritis  with  atropliy  in  the  peripheral 
nerves,  chiefly  in  the  radial  nerve,  but  not  infretpiently  in  many  of 
the  peripheral  branches  of  the  liracliial  plexus.  The  rlegree  of  this 
degeneration  and  its  extent  dej>entls  upon  the  severity  of  the  poison- 
ing. There  are  few,  if  any,  changes  in  the  neurilemma  or  connective 
tissue  sheath,  heii(*e  this  form  of  neuritis  is  purely  a  pan^nchymatous 
neuritis-  Wliik*  the  majority  of  these  changes  are  limited  tu  the 
terminal  tilanients  of  the  nerves,  there  may  be  shght  changes  detected 
in  the  trunk  of  the  nerves  and  in  the  anterior  nerve  roots.  The 
method  of  Nissl  demonstrates  ehromatolysis  in  the  cells  of  the 
spinal  eord  anil  in  those  of  the  spinal  ganglia,  but  these  are  not 
usually  of  a  sufficient  degree  to  produce  degeneration  or  complete 
atrophy  that  is  irreparable.  In  the  severer  cases,  however,  vacuoE- 
zation  of  the  cell  and  final  degenerative  changes  may  take  place/ 
Changes  of  a  similar  kind  liave  also  been  found  in  the  large  cells  of 
the  brain  cortex.  The  serious  l(*sions  are  more  conmionly  found  in 
the  perijtheral  nerves  than  in  the  spinal  cord. 

Sjniiptoms.  In  93  per  cent,  of  cases  the  onset  of  the  paral}T?is  is 
preceded  by  a  se\  ere  attack  of  lead  eolie.  The  patient  suffers  from 
intense  pain  in  the  region  of  the  undjilicus,  attended  by  obstinate 
constijiation,  very  often  liy  nausea  and  vonjiting.  The  j>ain  is  sup- 
posed to  be  flue  to  an  irritation  of  the  visceral  nerves  Ijv  the  lead. 
It  may  also  be  ilue  to  distention  of  the  inteMine  from  paralysis  of 
these  nerves  anrl  ees.^ation  af  yieristaltie  action.  There  is  a  chiuac- 
teristic  blue  line  seen  along  the  gums,  not  to  be  mistaken  for  staining 
of  the  teeth  because  of  its  location  and  clear  blue  color.  Ansemia  is 
almost  always  jiresent  in  i)atients  who  have  been  poisoned  l)y  lead. 
Another  common  afTeetion  in  persons  exposed  to  lead  poisoning  is 
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chronic  articular  rheumatism.  Thus,  Tanqueral  found  that  in  1217 
patients  who  suffered  from  lead  cohe,  755  developed  ludnful  joints, 
107  develo[^>ed  paralysis,  and  72  suffered  from  headache, 

A  few  days  after  the  onset  of  an  attack  of  eohc,  or  i>ometimes  not 
until  two  or  three  weeks  after  the  attack  has  subsided,  the  patient 
is  suddenly  seized  with  paralysis  of  the  exteiLstir  nuiscles  of  the 
fingers,  thumb,  and  wrisi.  It  is  a  rule  for  one  hand  to  be  affected 
several  days  Ijefore  the  other,  and  occasionally  l)0th  hands  are 
unequally  affected  throughout  the  disease.  It  is  quite  commonly 
found  that  the  paralysis  of  the  extensors  of  the  index  finger  or  of 
the  thumb  prece<Ies  the  paralysis  of  the  other  muscles.  As  a  conse- 
quence of  this  paralysis  the  wrists  drop  and  cannot  be  raised,  and 
from  lack  of  fulcrum  power  the  flexors  are  apparently  weakened. 
If»  however,  the  wristi^  be  extended  by  the  examiner  and  held,  it 
will  l)e  found  that  the  flexor  power  in  the  hand  and  fingers  is  not 
impaired.  The  supinator  lonp:us  muscle  is  rarely^  if  ever^  affected, 
and  hence  it  is  apparent  that  the  lesion  is  limited  to  the  distribution 
of  the  radial  branch  of  the  nmsculospiral  nerve  below  the  point  where 
the  nerve  to  this  muscle  is  given  off.  There  is  very  often  a  tremor 
in  the  hands  and  fingers,  which  comes  on  early  and  remains  until  the 
paralysis  subsitles.  There  is  no  affection  of  sensation  as  a  rule, 
though  sometimes  tingling  and  numbness  is  felt  in  the  back  of  the 
hand  or  in  the  fingers.  The  muscles  that  are  affected  rapidly  undergo 
atrophy  of  an  extreme  type,  so  that  ^dthin  a  couj>!e  of  weeks  of  the 
onset  the  back  of  tht*  fcirearm  presents  a  very  atrophic  appearance 
and  the  muscles  show  the  reaction  of  defeneration. 

As  a  result  of  the  drop-wrist  a  deformity  of  the  liack  of  the  hand 
soon  appears,  due  to  a  displacement  I)ackward  of  the  internal  bones 
of  the  wTist,  forming  a  hard  i>rrjtuberance  upon  the  back  of  the  hand 
near  the  base  of  the  metacarpal  bones ;  but  firm  contractures  or  per- 
manent shortening  in  the  paralyzed  muscles,  such  as  occurs  in 
alcoholic  or  arsenical  c;ises,  does  not  develoj^  in  lead  palsy.  Not 
infrequently,  if  the  disease  is  a  severe  one,  the  intrinsic  muscles  of 
the  han<ls  also  suffer  early  and  the  hamls  become  quite  useless,  appo- 
sition of  the  thumb  to  the  fingers  and  any  aliduction  or  extension 
of  the  thumb  and  fingers  being  impossible.  Then  it  is  evident  that 
branches  of  the  ulnar  and  merlian  nerves  are  also  involved. 

The  reaction  of  degeneration  aiJpears  early  in  the  muscles,  and  the 
faradic  reaction  does  not  return  until  the  patient  has  been  well  for 
some  months. 

In  the  majority  of  eases  the  paralysis  does  not  go  beyond  the 
maseles  of  the  forearms  and  hands,  and  after  a  period  of  five  to  six 
months  there  is  a  gradual  return  of  powTr  and  complete  recovery. 
The  patients  often  complain  of  severe  cramps  in  the  muscles — a  form 
of  pain  which  may  even  prevent  sleep — but  pain  is  not  a  common 
sjTiiptom  in  lead  jialsy. 

The  disease  is  a  very  slow  one  and  the  patients  are  rarely  able 
to  return  to  work  within  six  or  seven  months  of  the  onset.    As  their 
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li^'elihood  depends  upon  their  labor,  it  is  well  that  this  should  be 
underf^ttxtd  from  tlie  outset,  so  that  dui'ing  the  period  of  incapacity 
they  niiiy  seek  some  other  occupation  which  will  enable  them  to 
sujjfHjrt  life.  Relapses  are  common  when  patients  return  to  their 
work. 

In  more  serious  cases  the  paralysis  may  appear  in  the  muscles  of 
the  shoulder,  the  deltoid  being  first  aflfected,  and  then  the  biceps, 
l^rachialis  anticus  and  supinator  longus  being  involved.  Occasion- 
ally the  muscles  of  the  legs  below  the  knees  become  j^aralyzed, 
the  ])eroneaI  group  being  more  commonly  invaded,  though  in  severe 
cases  the  extensoi^s  of  the  toes  and  even  the  anterior  tibial  group 
may  be  equally  paralyzeil.  This  only  occurs  in  4  per  cent,  of  the 
cases  and  has  been  observed  chiefly  in  ctiikken.  It  causes  drop- 
feet  and  a  stepping  gait.  In  the  most  severe  type  the  patient  is 
almost  totally  jjaralyzed.  Fibnllary  twilcliings  iuc  occasionally  S(*en 
in  the  muscles  but  tliey  are  not  the  rule.  A  general  sensory  dis- 
turt>ance  is  common,  the  patients  suffering  from  intense  jjain  in  the 
arms  and  legs,  from  anai^thesia  of  the  hands  and  feet,  and  from 
very  disagi'eeable  sensations  of  pricking  and  tingling.  The  sphincters 
are  never  in\T>lved,  Vasomotor  and  trophic  symptoms  are  usually 
alisent,  though  the  liands  and  arms  may  be  cold,  cyanotic,  and  may 
persjiire  too  freely. 

In  the  severe  cases  it  is  possible  to  demonstrate  a  condition 
of  tenderness  along  the  affected  nerves,  bnt  in  slighter  cases  no 
tenderness  is  felt,  A  type  of  lead  palsy  has  been  described  in 
which  the  sympt-oms  appear  first  or  exclusively  in  the  cranial  nerves; 
the  laryngrab  the  pharyngeal,  tlie  lingual,  tlie  ocular,  the  facial,  and 
the  optic  nerves  having  b(*cn  atTected.  In  these  cases  headache, 
vertigo,  and  meiitrd  apathy  indieate  tliat  the  Ijrain  as  well  as  the 
nerves  is  invaded  by  the  poison.  This  tjT^e  is  very  rare.  It  is 
t^^rraed  lead  encephalopathy  by  the  German  wTiters. 

Prognosis  is  goqd  as  to  recovery,  but  the  duration  of  the  disease, 
as  already  stated,  even  in  the  lighter  tyqie,  is  six  months,  and  in  the 
more  severe  type  very  often  a  year.  The  following  case  illustrates 
a  severe  condition  of  chronic  poisoning: 

Male,  aged  thirty-eight  years,  after  suflering  from  an  attack  of 
learl  colic,  began  to  feel  numbness  and  pain  in  his  legs  and  feet, 
which  soon  exteniled  to  his  hands  and  foreai'ms.  This  steadily  in- 
creasei)  for  two  weeks,  and  to  it  was  added  paralysis  of  the  extensors 
of  both  haods  and  Ijoth  feet,  so  that  at  the  end  of  that  time  he  was 
unable  to  use  his  han<!s  or  to  stand.  With  the  paralysis  there  was 
rapid  atrophy  of  the  nniscles,  and  a  decline  in  the  faradic  excitabihty. 
The  muscles  l>ecanie  more  and  more  tender,  and  the  spontaneous 
pains  gradually  increased  until  it  was  necessary  to  use  opium  freely 
to  quiet  him.  By  the  end  of  a  month  a  well-marked  anaesthesia  had 
developed  in  the  hands  and  below  the  knees,  and  it  was  miticed  that 
the  atrophied  miLseles  were  in  a  constant  tremor.  There  were  wTist- 
drop  and  foot-drop  on  both  side^,  and  all  reaction  to  faradism 
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ceas(*d.  It  r(^qiiired  a  very  strong  galvanic  current  to  prodnce  con- 
traction and  ACC  was  greater  than  KCC.  The  knee-jerk  was  pre- 
served. 

The  mascnlar  sense  wfts  impaired.  For  five  months  his  con- 
dition remained  stationary,  in  spite  of  treatment  by  strychnine, 
io^lide  of  fMjtash,  massage,  and  t'lectricity.  During  a  month  of  hia 
illness  he  wais  delirious  at  rught,  was  excited  in  the  dajtime;  and 
subject  to  delusions  ami  had  little  memory"  or  mental  capacity;  but 
these  symptoms  gi-atlually  subsided.  Then  a  gradual  improvement 
set  In,  the  pains  became  less  severe,  sensation  retm-ned,  the  muscles 
regained  their  contour  and  strength,  and,  finally,  the  electric  con- 
tractility returned  to  the  normal  standard.  About  a  year  from  tlie 
onset  of  the  sjTiijitoms  the  recovery  was  comiilete. 

Treatment.  Treatment  of  the  lead  colic  is  !>y  means  of  full  doses 
of  opium  ti)  quiet  the  pain,  and  by  laxative  saline  salts,  such  as 
sulphate  of  magnesia,  to  relieve  the  constipation.  Large  draughts  of 
water  should  be  given  constantly,  in  order  to  eliminate  the  poison, 
which  passes  off  partly  through  the  kidneys.  During  the  stage  of 
chronic  poisoaing  the  patient  should  be  instructed  to  drink  a  great 
deal  of  water,  and  five  grains  of  iodide  of  potash  may  be  given  three 
times  a  day  to  assist  in  the  elimination  of  the  lead,     I  have  never 

?n  able  to  see  that  strychnine,  which  is  usually  recommended,  has 

ly  effect  upon  the  progress  of  regeneration,  though  general  tonics 

" — cod-liver  oil,  iron,  and  quinine-=may  well  be  employed,  as  these 

patients  are  miiformly  anemic.     Treatment  of  the  paralysis  is  by 

massage  and  electricity,  galvanism  being  the  only  current  which  i^ill 

produce  any  effect. 

Multiple  neuritis  of  the  ataxic  type,  due  to  poisoning  by  phos- 
phorus, has  been  recorded  by  Henschen  in  one  case,  and  in  seven 
other  cases  of  acute  poisoning  he  found  mild  nervous  symptoms  of 
parfiesthesia  and  tenderness  along  the  nerves.  The  condition  must 
be  a  very  rare  one,  as  it  has  not  been  seen  by  others.  In<|uiry  amo!ig 
employes  in  match  factories  failed  to  elicit  any  knowlerlge  of  a 
special  disease  peculiar  to  this  occupation. 

Mercurial  poisoning  has  been  said  to  cause  multiple  neuritis,  but 
no  case  can  be  found  which  is  not  open  to  objection.  The  tremor 
which  is  produced  by  acute  mercuria!  poisoning,  and  wiuch  is  ol)ser\'ed 
in  workers  in  looking-glass  factories,  is  accompanied  by  headache^ 
vertigo,  and  occasionally  by  hemiplegia  or  monoplegia  of  cerebral 
type,  and  is  not  followed  by  nmltiple  neuritis.  Chronic  raerctirial 
poisoning  after  or  during  the  treatment  of  sjTjhilis  also  fails  to  cause 
neuritis. 

Gowers*  has  described  a  case  of  poisoning  by  silver,  in  which  par- 
alytic symptoms  developed  in  the  arms  with  droi_>wrists,  re^sembling 
closely  those  due  to  lead  poisoning.     The  characteristic  blue  coloring 

*  DiseasBB  of  the  Nervous  System,  German  edition,  vol*  iii.  p«  336* 
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of  the  skin  was  present.    The  patient  died  of  cancer  and  no  autopsy 
was  made.    This  is  the  only  case  thus  far  observed. 

A  few  cases  have  been  recorded^  of  multiple  neuritis  due  to  poison- 
ing by  copper  occurring  among  brass  workers.  In  these  cases  the 
S5miptoms  resembled  those  of  the  ataxic  type  of  neuritis  seen  in 
alcohoUcs.    They  are  so  rare  as  to  require  mention  only. 

^  Suckling.  British  Medical  Journal,  1888,  vol.  ii.  p.  1334.  Walton  and  Carter,  Amer- 
ican Journal  of  the  Medical  Sciences,  1892,  vol.  ii.  p.  61. 


CHAPTER    VII. 

THE  INFECTIOUS  .^^D  TOX.EMIC  FORMS  OF  MULTIPLE 

NEURITIS, 

Multiple  Neuritis  Subsequent  to  Diphtheria;  to  the  Grippe;  to  T>'phoid,  Typhuai  and 
Mftlarial  Fever;  to  Scarlet  Fever,  Measles,  Whooping-cough,  and  Smallpox;  to 
Eiysipelaa  and  SepUcsmia;  to  Gonorrhoea  and  Puerperal  Fevrr,    Leprous  Neuritis. 


MULTIPLE  NEUBITIS  SUBSEQUENT  TO  DIPHTHERIA. 

Diphtheritic  paralysis  is  one  of  the  most  common  forms  of  mul- 
tiple nem-itis,  but  does  oot  occur  as  frequently  a>5  a  Hec:|ue]  in  cases  that 
are  treated  by  antitoxin  ns  in  those  which  are  allnuTMl  to  run  :i 
normal  course.  The  number  of  cases  of  diphtheritic  paralysis  ap- 
pearing at  my  clinic  in  the  jtiist  three  years,  since  t!ie  use  of  anti- 
toxin ha.s  been  much  less  than  in  any  previous  period  of  three  years. 
Rothe^  f(mnd  64  cases  of  diphtheritic  paralysis  in  744  cases  of  di|>li- 
theria  treated  at  the  Clmrite  Clinic  in  Berlin,  which  gives  a  frequency 
of  8.7  per  cent,  of  the  cases  of  di|)htheria  followed  by  jjaralysis.  This 
observ^ation  is  in  accord  witli  that,  of  other  obser\^ers.^  Bernliardt 
called  attention  to  the  fact  that  in  many  cases  of  diphtheria  there 
is  a  loss  of  the  knee-jerk,  a  fact  wliich  seems  to  him  to  point  to  a 
probable  susceptibility  of  the  entire  nervous  system  to  the  diph- 
theritic poison,  but  Rothe  found  a  loss  of  the  knee-jerk  in  but  one- 
half  of  the  cases  wliich  were  paralyzed.  It  is  certainly  a  fact  that  for 
many  weeks  after  the  disappearance  of  all  symptoms  of  diphtheria, 
even  in  cases  which  show  no  paralysis,  the  knee-jerk  may  be  absent. 

Pathology.  The  pathology  of  diphtheritic  paralysis  has  been  a 
matter  of  much  discussion.  Some  authors  maintain  that  the  lesion  is 
a  degenerative  neuiitis  only,  while  others  maintain  that  the  lesions  are 
central  in  the  spinal  cord  and  brain  axis.  A  parenchymatous  neuritis 
is  the  chief  lesion,  hut  occasionally  a  diffuse  process  with  involvement 
of  the  interstitial  tissues  has  been  observed.  In  the  finest  nerves  of 
the  musclejs  and  in  the  skin,  the  destructive  process  is  more  fully 
developed,  as  a  rule,  than  in  the  trunks  of  the  nerves  or  in  the  larger 
nerves.  The  neuritis  is  more  pronouncerl  in  the  cranial  nerves  in 
diphtheritic  paralysis  than  in  any  other  form  of  multiple  neuritis. 
Lesions  of  the  anterior  and  posterior  ner%^e  roots  have  been  found  by 
Dejerine,  and  many  authors  have  ilescribed  |)arenchymatous  degen- 
eration in  the  anterior  horn  cells  and  in  the  posterior  spinal  ganglia. 

'   Inane,  Dissert,  Berlin,  1899. 

*  Wolliu^ott.     Lancet,  .\ugu«t  20,  1899. 
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Recent  experimental  investigations  by  Murawjeff  ^  show  tliat  the 
toxin  of  diphtheria  {produces  chroniatolysis  and  degeneration  in  the 
cell  bodies  nf  both  motor  and  st^nsory  neurones.  He  also  finds  that 
it  attacks  the  |>t>ripheral  nerves  iis  well;  in  some  cases  before^  in 
others  aftt^r  it  has  attacki^d  the  neurone. 

Symptoms.  In  the  lighter  forms  of  diphtheritic  paralysit^  the  soft 
jjalate  is  the  uiily  iiart  that  is  atTected.  In  472  cases  of  diphtheritic 
paralysis  observed  l>y  U  ollaeott  the  soft  |>alate  was  atfeetcii  in  413, 
the  difiirulty  of  swallowing,  with  regurgitation  of  fluids  tlirough  tlie 
nose  antl  a  tiiickening  and  indistinctness  of  the  voire  being  the  only 
symptoms  j^rest^nt.  There  is  a  loss  of  reflex  in  the  throat  in  these 
cases  and  a  lowered  sensitiveness  of  the  pharynx,  so  that  irritation 
does  not  cause  acts  of  swallowing,  Tlie  iimitation  of  the  ])ara!ysis  to 
the  palate  lias  been  explained  by  supposing  that  the  poison  of  tlie 
disease  has  a  direct  action  upon  the  terminal  filaments  of  the  nerves 
which,  in  this  position^  are,  as  it  were,  dipped  constantly  in  the  [jf>isnn. 
This  tlieory  is  supported  by  a  case  in  which  ])ara  lysis  of  the  abdom- 
inal  muscles  was  associated  with  a  di[>htherit!c  inflammation  of  the 
navel  in  a  newborn  cliikb  But  the  more  serious  cases  prove  that 
it  is  through  the  blood  that  the  poison  is  carried  to  nerves  far 
removed  from  the  diphtheritic  inflanmiation. 

Next  in  frequency  to  paralysis  of  the  palate  occurs  paralysis  of 
some  of  the  ocular  muscles,  producing  internal  squint  and  double 
vision.  This  paralysis  may  affect  any  one  or  many  of  the  muscles 
moving  the  eyeball  of  one  or  Ijotli  eyes,  thougli  it  is  less  common 
for  the  k^vator  pal|>(4>ra^  to  be  afl"ected  than  any  other  muscle.  The 
external  recti  are  more  often  alTected  tlian  tiie  internal,  and  it  is  not 
common  to  fmd  all  the  inus(4es  sui)i)bed  by  the  oculomotor  nerve 
afi'ected  together.  Among  Woltacott's  472  easels,  104  had  some 
ocular  palsy.  The  |>aratysis  of  accommodation  i)revents  reading. 
The  j>aralysis  may  not  extend  tci  any  other  muscles  than  those 
already  named,  and  in  the  lighter  cases  remains  in  them  for  a  period 
of  four  to  ten  weeks  and  then  gradually  passes  off. 

Not  infrequently,  however,  the  diseiise  extends  much  more  widely 
antl  after  a  week  or  more  of  local  palsy  of  the  throat  or  eyes,  or  both, 
the  individual  <levc'ops  within  twenty-four  hours  a  widespread  paral- 
ysis uf  both  arms  and  both  legs.  This  is  usually  jireceded  or  attended 
by  incoordination  of  mo\T^ment  in  all  the  finer  adjusting  actions  of 
the  hands  and  by  ataxia  in  the  act  of  walking,  Associat^Ml  wit!i  this 
ataxia  aral  witli  the  weakness  of  the  muscles  there  are  frequently 
drop- wrist  and  drop-foot,  so  that  the  jmtient  exhibits  the  stepping 
gait  alrf^ady  described  as  occurring  in  alcoholic  neuritis. 

There  are  also  sensory  symjjtoins  consisting  of  numbness  in  the 
extreniities,  disturl>ance  (if  sensation  Ixith  of  touch,  temperatiue,  and 
pain  and  of  the  muscular  sense  and  delayed  sensations  of  pain.  Shoot- 
ing pains  ai'e  sometimes  felt,  but  are  not  very  prominent  and  there 
is  rarely  tenderness  along  the  nerv^e  trunks.     If  the  paralysis  is  not 


Neurolog.  Centralbl.,  1898,  p.  475. 
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SO  extreme  as  to  suspend  aU  movement,  a  tremor  is  not  uncommonly 
oteerv'ed  in  the  motions  of  the  fingers.  The  tendon  reflexes  are  lost 
and  mechiiiiical  excitability  of  the  muscles  disappears ;  a  rapid  atrophy 
^ith  reaction  of  degeneration  develops  in  the  j)ara!yzed  rnuseles. 
Paralysis  of  both  sides  of  the  face  may  occur. 

In  a  still  more  severe  type  of  case,  either  soon  after  the  onset  or 
after  the  paralysis  has  been  present  for  several  weeks,  bulbar  symp- 
toms may  apjiear,  with  great  difficidty  in  swalkming,  atro|.>hy,  and 
weakness  of  the*  tongue,  spasms  of  coughing  (which  may  l>e  dangerous), 
weakness  of  the  face,  and  paralysis  of  the  vocal  cords.  Such  a  com- 
plication is  extremely  grave,  as  the  patient  may  die  of  respiratory 
paralysis,  of  suffocation,  or  of  pnemnonia  due  to  the  inhalation  of 
food.  This  occurs  in  10  i)er  cent,  of  the  cases.  The  oiLset  of  the 
paralysis  may  occur  within  a  week  of  the  infection  or  it  may  be 
delayed  for  several  weeks.  In  Rothe's  crises  the  paralysis  developed 
in  the  majority  in  the  second  week,  but  in  a  few  over  forty  days  had 
elajjsed  between  the  initial  symptoms  and  the  development  of 
paralysis. 

Diphtheritic  paralysis  is  not  by  an}'  means  conlined  to  children, 
but  occurs  in  adults  and  even  in  olfi  people.  Not  infrequently  it  is 
impossible  to  ascertain  a  <lefinite  history  of  rli})htheria,  and  a  very 
light  attack  of  diptitheritic  sore  tlwoat  may  be  followed  by  a  severe 
attack  of  diphtheritic  pani lysis.  The  occurrence  of  paralysis  of  the 
throat  and  eye  muscles  and  a  marked  ataxic  conch tion  of  the  limbs 
enable  one  to  make  a  diagnosis,  even  in  cases  where  no  sore  throat 
has  occurred. 

Prognosis.  The  jtrognosis  in  diphtheritic  piaralysis  is  good,  jiro- 
\^ded  the  condition  is  limited  to  pju-alysis  of  the  throat,  or  of  the 
eyes,  or  to  a  general  diphtheritic  ataxia.  If,  how^ever,  a  true  par- 
alysis of  the  muscles  of  the  limbs  ensues;  if  the  reepiratory  muscles 
are  affected,  or  if  tlie  pneumogastric  nerve  is  invaded,  causing  fre- 
quency of  the  pulse,  the  prognasis  is  very  serious. 

Treatment.  The  treatment  of  rliphtheritic  paralysis  is  that  of 
nuiltiple  neuritis.  The  danger  of  inhalation  of  food  or  of  imper- 
fect nutrition  from  difficulty  of  swallowing  is  not  to  be  forgotten, 
and  in  the  extreme  cases  it  may  be  well  to  feed  the  patient  with  a 
stomach  tube  rather  than  to  allow  them  to  attempt  to  swallow,  if 
this  be  productive  of  fits  of  choking  and  coughing.  Inasmuch  a£»  all 
effort  seems  to  increase  the  severity  of  the  symptoms,  it  is  well  that 
these  patients  should  !>e  kept  in  bed  as  long  as  there  is  any  difficulty 
of  motion.  Stryclmine  is  of  a  great  deal  of  ser^-ice  in  the  treatment 
of  diphtheritic  paralysis.  It  was  for  a  time  supposed  to  be  a  specific 
for  the  disease,  but  this  was  at  a  time  when  the  lesion  was  thought 
to  be  central.  It  is  not  to  be  used  in  very  large  doses,  yj^  of  a  grain 
every  three  hours  lieing  suflicient  for  an  adult.  It  h:is  not  seemed 
in  my  experience  to  shorten  the  duration  of  the  paralysis. 

The  fftllowing  cases  are  good  examples  of  the  ordinary  type  of 
diphtheritic  paralysis: 
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Male,  two  and  a  half  years  of  age,  suffered  from  measles  during 
the  month  of  January,  1S94,  and  on  the  l*st  of  February  developed 
syinjitonxs  of  diphtheria.  This  ran  its  ordinary  eoursej  though  it 
was  necessar}'  to  perform  intubation  and  the  tute  was  retained  about 
one  week.  He  tlien  gratlually  recovered  an<j  after  a  week  appeared 
to  regain  his  orchnar}' strength;  his  appetite  inijiroved,  and  he  could 
stand  and  run  about.  On  the  20th  of  Mareh  he  was  suddenly  sei^zed 
with  paralysis,  whieh  \^ithin  two  days  had  beeome  most  extensive. 
He  then  had  extreme  strabismus  due  to  a  paralysis  of  both  internal 
recti.  There  was  no  |>ara lysis  of  the  face,  tongue,  or  palate,  and  he 
could  talk  well:  but  there  was  complete  paralysis  of  the  muscles 
moving  the  head  anil  of  both  arms  and  both  legs,  and  of  the  body. 
He  was  imable  to  sit  up,  to  move  his  head,  or  to  move  any  of  the 
extremities.  There  was  no  knee-jerk.  There  was  no  disturbance  of 
the  bladder  or  rectum,  there  was  no  pain  or  tenderness;  but  respi- 
ration was  difficult  and  his  pulse  was  140.  On  the  24th  of  March 
he  died  of  respiratfjry  paralysis. 

A  l>oy,  aged  thirteen  years,  nfter  an  attack  of  diphtheria  developed 
paralysis  of  the  soft  palate.  One  week  after  the  paralysis  of  the 
palate  he  noticed  a  disturbance  of  vision  wliich  proved  on  examina- 
tion to  be  due  to  a  total  paralysis  of  all  the  muscles  of  the  eyeballs. 
The  pupil  reflex  to  light  wtis  preserved;  l>ut  there  was  no  reaction 
in  accommodation.  This  i>aralysis  of  the  eyeballs  came  on  wdthin 
twenty-four  hours,  and  at  the  same  time  he  developed  a  very  marked 
degree  of  ataxia.  He  sw^ayed  in  stanihng  with  eyv^  closed,  and  his 
gait  was  exactly  like  that  of  a  well-marked  case  of  tabes.  The 
motions  of  the  hands  were  also  disturbed,  and  all  the  tests  demon- 
stratetl  an  extreme  degree  of  incoordinatioiL  The  knee-jerks  were 
lost;  the  skin  reflexes  were  present.  In  addition  to  the  ataxia  there 
w^as  actual  weakness  of  the  nmscles,  which  was  more  evident  in  the 
arms  and  hands  than  in  the  lower  extremities.  He  had  formication 
in  the  legs,  but  not  in  the  hands,  and  there  were  no  lightning  pains. 
He  had  great  difficulty  in  swallowing  solids  as  well  as  liquids,  which 
seemed  to  jjoint  to  some  involvement  of  the  nuiscles  of  deglutition 
as  well  as  of  the  soft  j>alate.  This  condition  remained  stationary  for 
about  three  weeks,  and  then  all  the  symptoms  began  to  pass  off 
gradually.  His  recovery  was  not  complete  until  six  montlis  after 
the  onset, 

A  girl,  aged  thirteen  years,  after  suffering  for  a  few  days  from  a 
slight  sore  throat,  found  herself  unable  to  see  clearly  because  of  the 
development  of  a  paresis  of  acconnnodation.  There  followed  a  slowly 
progressing  ataxia  of  the  upper,  :uid  later  of  the  lower,  limbs,  with 
uncertain  gait,  disturbance  of  touch,  jmin,  tem|>erature,  and  muscular 
senses,  with  delayed  sensation  of  pain  and  loss  of  tendon  reflexes. 
At  first  she  felt  shooting  pains  in  the  limbs,  but  later  these  ceased. 
There  was  at  no  time  t/cnderness  of  the  nerves  to  pressiu'e.  Mter 
three  months  bulbar  sjinptoms  appeared,  atrophy  with  paresis  of  the 
tongue,  difficulty  in  swallowing,  spasms  of  coughing,  weakness  of 


MULTIPLE  NEUMITIS  SUBSEQUENT  TO  OHJPPE. 


145 


voice,  and  paralysis  of  the  palate.  The  muscles  of  the  haDiis  began 
to  atrophy  about  the  tmie  that  the  bulbar  symptoms  commenced 
and  soon  were  useless.  In  the  atrophic  muscles  the  faradic  reaction 
was  absent,  the  galvanic  much  reduced  and  very  slow.  Nine  months 
after  the  onset  she  died  of  pneumonia. 

The  autopsy  showed  the  brain  and  spinal  cord  to  be  normal.  In 
all  the  peripheral  nerves  of  the  extremities,  as  well  as  in  the  hj^^o- 
gloasal  and  recun*ent  laryngeal  nerv^es,  i^s^ell-marketl  atrophic  degen- 
eration was  found,  with  destruction  of  axis  cylinders  and  medullary 
sheaths,  and  with  thickening  and  increase  of  nuclei  in  the  comiective- 
tissue  sheaths.* 


MtTLTIFLE  NEURITIS  SITBSEQtrENT  f  0  THE  OEIPFE. 

Severe  attacks  of  neiu-algia  accompany  or  follow  the  grippe  in 
about  25  per  cent,  of  the  cases,  and  are  an  evidence  of  direct  action  of 
the  poison  upon  the  nerve  trunks.  Thus  trigeminal  neuralgia,  occipital 
neuralgia,  intercostal  neuralgia,  and  sciatica  frequently  develop  and 
sometimes  run  a  very  severe  and  long  course.  They  are  occasionally 
bilateral  and  symmetrical,  which  is  rare  imder  other  conditions. 

Many  cases  of  local  neuritis  appearing  in  one  or  in  several  nerves 
in  the  body  at  once  have  been  observ^ed  after  the  grippe.  ^\ny  of 
the  cranial  or  spinal  nerves  may  be  involved. 

It  is  not  unconmion  for  such  a  neuritis  to  attack  sjinmetrical 
nerves  on  both  sides  of  the  body.  Thus  I  have  seen  both  peroneii 
affected,  both  ulnar  nerves  affected,  both  median  nerves  affected, 
and  the  brachial  plexus  affected  on  both  sides.  In  all  these  cases 
the  neuritis  ran  a  typical  course. 

Draper,' Remak,* and  Bi*rnhardt*recorded  cases  of  multiple  neuritis 
accompanied  by  acute  ataxia  following  the  first  epidemic  of  influenza, 
1890.  Mills, *  Buzzard  *  Eisenloch/  Savage.*  and  others  subsequently 
reported  cases  of  multiple  neuritis  with  sensory  symptoms  and  with 
paralysis  withtjut  ataxia,  and  various  writers,  in  confirming  these 
observations,  have  described  cases  in  which  the  cranial  nerves  of  one 
or  both  sides,  the  ocular  nerves,  the  facial  nerves  <if  one  or  both  sides, 
and  the  palate  have  been  involved.  In  a  few  cases  oedema  in  the 
limbs  has  been  noticed  as  a  prominent  s\Tiiptnm.  These  cases  have 
developed  within  one  or  twxj  weeks  of  the  attack  of  influenza,  have 
reached  their  height  about  one  month  after  the  attack,  and  have 
remained  for  many  rnimths.  A  few  cases  with  rapid  reeovery  within 
tw*o  months  have  betni  seen.     There  are  no  particular  features  to  dis- 


1  Kaat,     Deut,  Arch.  f.  klin.  Med,,  1886,  Bd.  xl.  S.  41. 

«  New  York  Medical  Record,  1890,  p.  239. 

«  Berliner  klin.  Wocben.,  1890,  p.  181. 

*  njiil,  p.  643. 

^  Boston  Medical  and  Surgical  Journal,  1892,  p.  349,  405. 

"  TranBactions  of  the  Phltttdelphia  Medical  Society »  1892. 

'  Neurolog^  Centralbl..  1893,  p.  380. 

'  Journal  of  the  American  Medical  AMOoUtion,  July  24,  1897. 
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tinfiiinh  theie  emm  from  the  cmfinary  tjpes  of  nraritk,  and  tixn 
m  oa  ipecial  tmtmait  far  tbem. 


MVhrtn.M  WEUKirtB  suBssquKirr  to  various  dvtectiofs. 

It  b  i¥liQ  nooiewbdt  a  mailer  of  eonjeelufe  whether  eases  of  par* 
aifwi  fotlowtni;  tjrpbokl,  tjrphtta,  and  malarial  fevers  are  due  to  an 
afieetioD  of  the  [leripheral  uervf^  or  of  the  qiisal  cord.  The  researches 
of  Ftim  and  Vaillanl'  ha^'e  shown  that  exleinve  deg^neratioii  of 
pentiberaljierfes  b  to  be  found  in  the  bodies  of  patients  who  have 
died  of  typlfioid  fever,  and  the}^  ha\^  ako  deroonstrated  that  these 
feven  are  often  followed  by  local  neuritis  as  a  sequel.  Cases  of 
multiple  neuritis  with  autopsies  have  not  as  yet  been  reported  after 
typhoid  or  It  is  so  oonmioo  in  severe  cases  of  these  diseases 

to  use  ale<  u  taulants  as  a  remedy  that  it  is  not  impossible  that 

in  some  of  lhe*»e  cases  the  real  cause  of  the  di.sea5e  wa^  alcoholic 
poisoning.  In  **everal  hospital  cases  which  I  have  seen  this  has  been 
undoubtedly  the  cause  of  the  supposed  post-tj^^hoid  neuritis,  the 
symptoms  bfing  identical  5^*1  th  those  occurring  in  alcoholic  eases  and 
including  cerebral  hyniptoni'^,  delusions,  and  loss  of  memor>\  Hence 
great  care  should  be  taken  in  reaching  a  conclui^ion  that  any  post- 
typhoid case  ij*  really  due  to  the  infection,  although  all  writers  on 
tj'phoid  emphasize  tlie  f>oHsil>ility  of  multiple  neuritis  as  a  sequel. 

KuKzard  recf»rdf*d'  two  cases  of  paralysis  following  malarial  fever, 
in  wliicli  all  the  Hynif>tonis  pointed  to  an  afTection  of  the  peripheral 
nerveB,  In  thia  country  Gibney  has  described  several  cases  of  par- 
alysis  of  th(*  extn*iriities,  of  sudden  onset,  rai)id  course,  and  prompt 
recovery  nmlfr  large  doses  of  quinine,  which  he  considered  malariaK 
Tl»e  following  case,  set*n  with  Holt^  was  of  this  nature: 

A  healthy  hoy,  aged  ten  years,  was  suddenly  seized  with  a  chill 
and  fever  and  with  pains  of  a  severe  kind  in  both  legs,  associated 
with  weakness  so  that  hc»  could  hardly  stand.  The  pain  was  referred 
to  the  Hciatic  nerves  and  was  accompanied  by  numbness  and  tingling 
of  the  feet  and  legs.  There  was  marked  tenderness  both  in  the 
coursr*  nf  the  Hciatics  and  in  the  muscles  of  the  thigh  and  leg.  There 
was  loHH  fjf  lentlfin  n'Hexes,  preservation  oi  skin  reflexes,  and  marked 
paresis  in  all  the  n»usrles  of  th*-  legs,  so  that  he  required  help  in 
walking.  There  was  no  ataxia  nnd  no  incontinence  of  urine.  The 
symptoms  lasted  ahfHit  twenty-four  hours  and  then  decreaseii  in 
Bcverity  during  the  following  day,  l>ut  recurred  on  the  third,  and, 
after  a  remisHion,  on  tlu*  fifth  day»  with  lessened  severity.  The 
perifKlic'ily  of  the  aJTedii^n  and  the  rapid  cure  under  riuinine  left  no 
doubt  as  to  its  malarial  nature.  During  the  third  day,  at  the  time 
when  I  saw  hirn,  there  was  redness  along  the  course  yf  the  sciatics 
and  in  the  region  of  the  right  median  nerves  and  extreme  tenderness 

«   Hov  rlo  Mrd.,  1S85,  tK  080,  De^  N<:nriti-8  periphrrjiiii*^. 
'   I'MrfilyMiiN  frtufi  Pi'ripheruJ  Neiirilm,  p.  UH,  Loth  ion  ^  ISSti, 
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alonp  these  nen^e  tmriks,  in  addition  to  tho  symptonLs  mentitHUHl. 
The  electric  eomlition  was,  unfortunately,  not  tested;  but  in  West- 
phaFs  ease  faradic  contractility  was  totally  aboUshed  during  the 
attack.^  In  this  case  the  active  manifestation  of  the  rnahirial  pois(»n- 
ing  was  by  general  neuritis.  In  Buzzard's  case-s  the  malarial  attacks 
preceded  the  nervoits  affection.  The  tendernes.*^  in  miLScles  and 
nerves  left  no  doubt  regarihng  the  peri|>hera!  natui'e  of  the  disease. 

I  have  recently  seen  a  ver>"  severe  case  of  general  neuritis  with 
total  paraiysiR  in  both  arnis  and  legs  hivsting  many  months,  and 
paral}^is  of  the  diapliragm  which  lasted  for  two  weeks  and  was 
attended  by  rai>id  puhe  and  great  c*xhausUon.  In  this  case  the  only 
cause  ascertainable  was  an  attack  of  severe  dengue  fever  which  imme- 
diately preceded  the  paralysis.  The  patient  was  an  engineer  and 
contracted  the  flisease  in  South  America  and  was  brought  to  New- 
York  with  great  difficulty.  He  had  ceretiral  s\inptoms  for  some 
weeks  at  the  ln-iglit  of  the  disease. 

Neuritis  following  variola  is  a  rare  compUcation,  and  the  following 
Q,ase  is  the  only  one  on  record  in  which  an  autopsy  showed  the 
lesion  to  be  a  multiple  neuritis. 

A  young  man  had  varioloiti  in  November,  1881,  and  while  con- 
valescing, six  weeks  later,  began  to  suffer  from  severe  jiains  in  his 
four  extremities,  especially  in  the  joints  of  his  arms,  which  were  diag- 
nosticated as  rheumatic,  althougli  there  was  no  fever.  Soon  after 
there  followed  a  true  paresis,  witli  progressive  atrophy  of  the  muscles 
of  the  forearms  anfl  legs.  The  muscles  at  the  same  time  became 
very  tender  to  touch  or  pressure.  The  tendon  reflexes  were  much 
diminished.  Reaction  of  degeneration  developed  in  all  the  paretic 
musc!es.  The  pains  in  the  joints  and  limbs  continued,  but  wTre  less 
severe  than  at  the  outset.  The  .sensibility  of  the  skin  w^as  about 
normaL  The  nerve  trunks  were  tender  to  pressure.  Profuse,  offen- 
sive perspiration  in  all  four  extremities  was  a  distressing  symptom. 
There  w*as  no  tendency  to  bed-sores,  but  an  extfuisive  pemphigus 
developed  in  the  legs,  and  then  the  pains  l)ecame  more  severe.  The 
patient  died  i>f  pneumonia. 

Autopsy  showed  the  brain  cederaatous  aiifl  the  cord  in  a  state  of 
hjTiostatic  congestion.  The  pathological  changes  of  importance  were 
fourifl  in  the  nerves  and  muscles.  The  majority  of  the  nerves  of  all 
the  extremities  were  found  in  a  state  of  degeneration  and  atrophy, 
Tlier*'  was  marked  degenerative  atrophy  and  fatty  degeneration  of 
the  mui^rles/ 

Scarlet  fever,*  measles,*  whooping-cough,''  and  mumps  have  been 
known  to  be  followed  by  neuritis,  both  local  and  multiple,  but  the 
cases  are  so  rare  as  tcj  require  only  a  mention. 


t  Neurolog.  C^alraJbL,  1885.  p.  187, 

*  P*  Grocco,  Milano.     Cetitralbl.  f.  mcd.  Wijisen.,  1885,  p.  693. 

'  If.  J.  6a88ctt«.     Jouriml  of  Nervous  and  Mental  Disease*,  1802,  p.  461. 

*  Allyn,     MedkaJ  News,  1891.  p.  617. 

>  Leroux.     Allg.  Wiener  med.  Zdtsoh.,  1898,  Nr.  29. 
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Multiple  neuritis  following  erysipelas  or  of  tsejitica^mic  nrigin  has 
been  reported  by  Freneh'  antl  German-  authorities.  I  have  seen  a 
severe  case  in  which  the  only  caiLse  found  was  a  Ipng-continued 
suppurating  tooth.  This  patient  had  a  continued  fever  during  the 
eai'Iy  part  of  the  disease.  Bury''  reported  a  case  in  which  an  infected 
wound  of  the  finger  gave  rise  to  secondary  abscesses,  and  then  mul- 
tiple neuritis  developed. 

Both  local  and  multiple  neuritis  havi*  been  known  to  develop  subse- 
quent to  attacks  of  gonorrha'a.   They  have  no  special  characteristics. 

German*  authors  have  descrited  many  cases  of  so-called  puerperal 
multiple  neuritis;  cases  that  appeared  to  be  of  the  infectious  type 
and  due  to  septicemia  following  abortion,  miscarriage^  or  dehvery. 
These  cases  are  not  to  l>e  confounded  with  the  local  neuritis  of  the 
sacral  plexus  consequent  upon  compression  of  this  plexus  during 
labor,  nor  are  they  to  be  eonfoimded  with  eases  of  myelitis  conse- 
quent upon  anaemia  of  the  spiiud  cord  subsequent  to  confinement. 
The  eiises  recordetl  by  the  Germans  have  been  of  general  widespread 
nmltiple  neuritis  of  the  septic  tyf)e.  Such  case^  have  not  been 
observ^od  in  this  country,  antl  in  the  large  material  at  the  Sloane 
Maternity  Hospital  there  is  no  record  of  multiple  neuritis  occurring 
in  the  course  of  pregnancy  or  after  labor.  Cavses  of  neuritis  develop- 
ing during  pregnancy  and  traced  to  the  exhaustion  following  long- 
continued  vomiting  are  not  unknown,^  but  are  not  of  the  septic  type. 

LEPROUS  NEURITIS. 

Multiple  neuritis  occurring  in  leprosy  is  a  very  rare  affection  in 
this  countr>^j  but  is  of  some  interest  on  account  of  the  fact  that  it  is 
the  only  form  of  neuritis  in  wliich  the  bacillus  of  any  disease  has  been 
found  in  nerves.  This  bacillus  locates  itself  entirely  in  the  inter- 
stitial tissue  of  the  nerve  trunks  witliin  the  sheath,,  in  the  perineu- 
rium, and  by  its  direct  irritation  produces  h^^^erplasia  of  connective 
tissue.  This  causes  a  compression  of  the  nerve  fibres  and  a  second- 
ary degeneration  in  them.  Here  and  there  along  the  course  of  an 
affected  nerv^e  are  found  small  bulbous  enlargements  where  the  con- 
nective tissue  is  particularly  thick.  The  changes  in  the  nerves  them- 
selves are  those  of  simple  degeneration.  The  lesion  is  due  to  the 
direct  effect  of  the  bacilli  and  is  not  seet*ndary  to  any  infection  or 
any  poisoning  conveyed  to  the  nerves  through  the  blood.  For  this 
reason  it  is  a  localized  neimtis,  but  is  multiple  in  its  character, 
inasmuch  as  very  many  of  the  terminal  branches  of  the  filaments  of 
the  nerv^es  are  involved.     (See  Plate  X.) 

1  ChfLTcot.     Revue  neiiroloeiqiiei  1893,  Nr.  1  pt  2. 

»  Oerlmrdt.  Deuteche  med.  Wochen.,  1898,  p,  14.  Kmua,  Wiener  klin.  Wochen., 
1897,  Nr.  40. 

*  Roas  and  Bury.      Peripheral  Neuritis,  p.  2t>l,  1893, 

*  Moebius.  MQuchener  ined.  Wochen.,  1890,  Nr.  14,  Mader,  Wiener  klin.  Woclieii., 
1895,  p.  537.     JoUv.     Arch.  f.  Psych.,  1897,  p.  650. 

*  Stiefel.  New  York  PolyoUnie,  1893,  M*rch.  fcHembo,  Deutache  med.  Wcmhen., 
1895,  p.  401. 
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Symptoms.  The  synipi^irus  oi  leprniis  neuritis  are  the  gradual 
Bvelopnient  of  irregular  areas  of  anaesthesia,  the  occurrence  of 
paralysis  and  atrophy  iu  the  peripheral  juirts  of  the  limbs,  and  the 
production  of  trophic  disorders.  The  ame,sthesia  is  extremely  irregu- 
lar in  its  distribution,  depending  wholly  upon  the  brauches  of  the 
nervTS  which  are  atTected  by  the  disease,  irregular  plaques  of  anaes- 
thesia appearing  here  and  there  upon  the  hands  and  feet  or  upon 
the  forearms  and  legs,  and  on  the  trunk,  and  not  infrequently  upon 
the  face.  These  aiuesthetic  area^  do  not,  as  a  rule,  correspond  to 
the  distribution  of  any  one  nerve,  nor  are  they  sjinmetrical,  as  in 
ordinary  cases  of  multiple  neuritis ;  but  are  extremely  irregular.  They 
are  attended  by  numbness  and  tingling  and  burning  sensations,  or 
a  pain  of  slight  degree.  The  loss  of  sensibility  may  affect  touch, 
temperature,  and  painful  sensations  equally,  or  any  one  of  these  may 
be  affected  alone,    A  loss  of  pain  and  temperature  senses,  while  touch 


Fig.  31. 


Atropliy  and  trophic  changes  io  hand  aod  lingers  lu  a  case  ol  leprous  aeiuiUa, 


is  preserved,  is  not  uncommon,  hence  the  divsease  has  been  mistaken 
for  syringomyelia.  The  paralysis  is  usually  found  in  the  very  small 
miLscles  of  the  hands  and  feet,  Init  may  extend  to  tlie  longer  muscles 
of  the  extremities,  and  not  unconnnonly  a  few  of  the  facial  muscles 
are  paralyzed,  A  progressive  atrophy  occurs  in  the  paralyzed  mus- 
cles, Tj^dth  reaction  of  degeneration.  There  is  a  loss  of  mechanical 
excitabiUty  in  the  muscles  affecte*!  Tlie  troj)hic  disturbances  pres- 
ent in  the  disease,  viz.,  whitish  colored  plaques  on  the  skin,  peculiar 
thickening  or  atrojihy  of  the  skin,  the  glossy  surface,  the  ulcerations, 
and  the  gradual  loss  of  siil>stance — are  to  be  regarded  rather  as  a 
part  of  the  disease  leprosy  than  as  evidence  of  the  local  aflfection  of 
the  nerves. 
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Fig.  31  illustrates  the  condition  occasionally  resulting  from  an 
extreme  condition  of  anaesthetic  leprosy,  the  photograph  being  taken 
from  a  patient  seen  by  me  in  consultation  with  Piffard — one  of  the 
few  cases  of  the  kind  seen  in  New  York  w  thin  the  past  twenty  years. 
The  ends  of  the  thumb  and  forefinger  had  been  eroded. 

The  disease  is  a  slowly  progressive  one  and  treatment  appears  to 
be  of  no  avail. 

The  differential  diagnosis  between  lepra  ansesthetica  and  syringo- 
myeUa  is  sometimes  somewhat  difficult,  as  the  trophic  disturbances, 
anaesthetic  areas,  and  muscular  palsies  of  irregular  distribution  occur 
in  both  diseases;  but  the  distribution  of  the  anaesthesia  is  usually 
greater  in  sjo^ingomyelia  and  begins  in  (if  it  is  not  entirely  limited  to) 
the  upper  extremities.  White  plaques  are  not  conmion  upon  the 
skin  in  syringomyelia.  Bulbous  swellings  upon  a  nerve  trunk  are 
not  felt  in  syringomyelia,  while  in  lepra  anaesthetica  there  is  an 
absence  of  those  symptoms  of  spastic  paraplegia,  disturbance  of  the 
bladder  and  rectum,  and  increased  reflex  activity  of  the  legs,  which 
are  commonly  found  in  sjo-ingomyelia. 

References  may  be  made  to  the  articles  of  Schultze,*  Dehio,* 
Zambacho,*  Laehr,*  and  Blaschko.^ 

»  Deutsche.  Arch.  f.  klin.  Med.,  1888,  Bd.  43. 
»  St.  Petersburg  W^ochen.,  1889,  No.  42,  and  1890,  No.  48. 

'  Verhandlungen  des  internal ionale  wissenschaftlichen  Lepra  Conferenzes  zu  Berlin, 
October,  1897. 

*  Arch.  f.  Psych.,  Bd.  xxx.  323. 

*  Die  Nervenkrankheitserscheimingen  der  Lepra,  Berlin,  1899. 
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CHAPTER    VIII. 

EPIDEMIC  MrLTIPLE  NEURITIS. 

BEEIBIRI  OR  SAEKE. 

In  1882  Professor  Scheulie,  of  Tokio,  Japan,  called  the  attention 
of  European  (jliysicians  to  the  existence  of  a  peculiar  affection  pre- 
vailing among  the  Ja[)aiiese,'  It  was  called  kakke»  from  the  two 
Chinese  words — kiaku,  meaning  legs,  ami  ke,  meaning  disease.  It 
had  been  known  among  the  Chinese  for  centin*ies,  being  mentioned 
by  name  in  Chinese  medical  books  uiitten  2(X>  B,c,,  and  fully  dis- 
cussed by  an  eminent  author  in  640  a.d.  It  ceased,  however,  to 
prevail  in  China  about  two  hunflred  years  ago,  and  of  late  it  is 
found  chiefly  in  Japan.  There  its  importance  is  considerable,  since 
it  is  so  prevalent  that  in  1877, 14  per  cent  arul  in  1S78,  38  percent. 
of  the  men  sending  in  the  army  suffered  from  it.  It  is  considered 
a  miasmatic  infectious  disease  l>y  Scheube,  although  an  eminent 
Japanese  authority  considers  it  duo  in  some  way  to  the  diet  of  rice. 
That  diet  has  soinething  to  do  w.th  its  occurrence  is  proven  by  the 
fact,  communicated  to  me  by  Dr.  Wallace  Taylor,  long  a  resident 
of  Osaka,  that  since  wheat  has  been  substituted  for  rice  in  the  diet 
of  some  of  the  barracks  and  prisons  in  Ja|)an  the  disease  has  been 
less  common.  It  occurs  in  epidemics,  but  is  always  endemic  in 
Japan.  It  rarely  attacks  luiro(>eans.  While  not  contagious^  the 
disease  is  transmitted  by  human  beings,  f<jr  outbreaks  have 
occurred  on  islands  formerly  free  after  the  landing  of  persons  who 
were  affected.  It  affects  females  rarely,  only  9  per  cent,  of  the  cases 
being  in  women;  and  it  is  the  youth  of  the  land,  between  the  ages  of 
sixteen  and  twenty-five  years,  who  suffer.  Expasure  to  damp  and 
cold  in  crowded  dwellings,  such  i\s  l>arracks,  increases  the  liability 
to  the  affection.  The  majority  of  the  cases  occur  during  the  hot, 
damp  montlLs,  but  some  iire  always  under  observation. 

This  disease  is  not,  however,  confined  to  Japan.  It  has  been 
observed  for  many  years  in  the  islands  of  the  Pacific  Ocean,  espe- 
cially in  the  Philippines,  in  India,  C<:!ylon,  on  the  west  coast  of  the 
Red  Sea,  in  Borneo  and  New  Guinea,  in  Brazil  and  Cuba,  on  the 
isthmus  of  Panama,  and  in  the  Dutch  |>ossessions  in  the  China  Sea.* 
It  is  there  known  imiler  the  name  of  beriberi.  It  is  endemic  in 
these  regions,  but  occasionally  occurs  as  an  epidemic.    An  interesting 


1  D<iuUcb«  Arch.  f.  kiiD,  Med.,  vola.  xxvii.  and  xxjd. 

'  B.  Bcheube.     Diseojaes  of  Warm  Countries,  p.  190,   London,   1903,  where  *  i 
plete  Ut<»r»ture  i»  to  bf»  fo»ind. 
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account  of  such  an  epidc^niic,  occurring  in  1SS2-S3  in  Manila,  in  the 
Philippine  Islands,  has  been  given  by  Koeniger/  It  apjiears  that 
in  the  fall  of  1SS2  an  epidemic  of  cholera  occurred  in  Manila  of 
such  severity  that  20,000  persons,  in  a  population  of  400,000,  were 
affected.  As  a  precaution  against  this  disease  the  native  population 
lived  for  several  months  exclusively  upon  rice,  refusing  to  eat  fruit 
or  fish,  which  are  their  other  cliief  articles  of  diet.  A&  the  epidemic 
waa  subsiding  a  terrible  cyclone  devastated  the  city,  destroying  the 
light  wooden  houses,  and  leaving  60,000  families  liomeless ;  and  these 
poor  people  were  exposed  fur  several  weeks  to  the  inclemency  of  the 
^veather;  wlueh  at  tliis  time  of  the  year  is  rainy.  A  few  days  after 
the  cyclone  the  epidemic  of  Ijeriheri  began,  and»  as  the  diseai?e  had 
never  before  appeared  in  Manila,  the  unknown  affection  excited  great 
alaiTn.  This  was  increased  by  its  fearful  mortality,  60  per  cent,  of 
the  early  cases  proving  fata!.  European's  were  exempt,  with  two 
exceptions^  and  the  Chinese  population  did  not  suffer  greatly,  but 
among  the  natives  the  epidemic  was  widespread.  Thus,  in  one 
suburb  of  Manila,  of  25,000  inhabitants.  300  died  in  tlip  course  of 
eight  weeks.  Men  and  women  were  equally  affected  and  [lersons  of 
all  ages,  except  young  children,  w^ere  attacked.  The  disease  ter- 
minated fatally  in  from  ten  days  to  five  wrecks  after  its  onset;  but 
as  time  went  on  the  proportion  of  recoveries  increased,  and  by  the 
end  of  March,  1883,  it  had  almost  disappeared.  Tlie  months  from 
October  to  March  are  the  dry,  cool  season  in  tlie  PIiilip]>ine  Islands, 
although  the  climate  is  tropical.  Exposure  to  heat  could  hardly  be 
consideretl  a  cause  of  this  epidemic,  but  whether  the  ex]>osure  to  cold 
and  damp  or  the  diet  of  rice  or  the  transportation  of  some  infectious 
agent  by  the  cyclone  wms  the  cause  could  not  be  determined. 

Sporadic  cases  of  beriberi,  or  kakke,  occasionally  appear  in  our 
hospitals,  usually  in  the  persons  of  Chinese  or  Malay  sailors,  or  in  the 
persons  of  travellers  from  tropical  climates  who  have  been  exposed 
to  the  infection  in  the  place  from  which  they  came.*  In  1881  a 
Brazilian  naval  vessel  entered  San  Francisco  with  a  large  number  of 
the  crew  affected  by  the  (Usea.se,  They  w^ere  .sent  to  the  rnited 
States  Marine  Hospital  and  attended  by  Dr.  Hebersmith,  \\\\i\  gave  an 
interesting  account  of  the  circumstixnces  leading  to  the  development 
of  the  disease  in  the  United  Slates  Marine  Hospital  Report  for  1S8L 

In  1886  a  commission  was  appointed  by  the  Dutch  Government 
to  investigate  the  subject  of  its  nature,  and  the  published  report 
contains  the  following  statements  r*  The  disease  is  caused  by  a  micro- 
organism resend_)ling  the  bacillus  of  splenic  fever,  though  somewhat 
smaller,  which  colors  with  fiiehsin  and  gentian-violet,  and  cini  be 
seen  with  a  power  of  560  diameters.    These  bacilli  are  found  in  the 

1  Deut.  Artjh.  f,  klin.  Med,,  xjtxiv. 

■  8«^in.  Medical  Newe,  Dec.  11,  1S86.  Boodurant,  Jour.  Nerv.  aiid  Ment.  Dia., 
Dm,,  1000. 

•  Deutsche  med.  Wochen.,  December  9,  1880.  See  aJso  liiLradfi,  Neurology  Cen- 
tnlU.,  1886,  p.  326. 
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blood,  lungs,  heart,  bntiii^  cord,  and  nerves  of  the  patients,  and  can 
be  culth\ated  out.side  of  the  body.  The  gemis  infect  wooden  dweil- 
ing8  chiefly.  They  may  be  conveyed  by  articles  of  clothing,  and 
probably  enter  the  body  by  the  lungs,  Direet  conta^on  ha.s  rR>t 
been  obser\^ed.  A  potent  prechsposing  cause  to  their  reception  in  the 
body  and  to  the  development  of  the  disease  is  lack  of  nutrition,  con- 
sequent upon  exjMisure  to  damp  and  cold^  and  upon  insutlieient  or 
bad  food.  It  must,  however,  be  added  that  a  most  thorough  exam- 
ination in  a  recent  case  l>y  Prudden  failed  to  reveal  the  presence  of 
such  bacilli,  and  Scheube  in  his  rccent  book  states  that  the  virus  is 
unknowTi,  In  the  light  of  these  investigations  a  new  \new"  is 
ti^ken  of  an  epidemic  of  a  peculiar  kind  which  occurred  in  France 
in  1828.  Buzzard  has  found  an  account  of  this,  prepared  by  Graves, 
in  which  the  symptoms  are  so  fully  detailed  as  to  leave  no  doubt 
that  it  was  an  epidemic  of  multiple  neuritis.' 

S3maptoms.  The  cases  of  beriberi  arc  divided  into  two  general 
clasj^es,  acoorrUng  to  their  severity: 

There  are,  first,  slight  cases,  in  which  the  onset  is  gradual,  being 
usually  preceded  by  a  little  fever,  coryza,  and  conjunctivitis,  w^hich 
cease  when  the  actual  s>TQptoms  commence.  The  patient  first 
notices  a  w^ak  and  hea^y  feeling  in  the  legs,  and  finds  that  he  tires 
so  easily  that  he  cannot  walk  as  much  a»s  usual.  The  fatigue  is 
soon  associated  with  numbness  and  pain  in  the  legs,  and  with  a  slight 
oedematoas  swelling.  Then,  if  not  before,  palpitation  of  the  heart, 
oppression  and  weiglit  in  the  epigastrium,  loss  of  appetite,  and  gen- 
eral malaise  iire  felt,  and  tiie  patient  finds  it  necessary  to  apply  for 
treatment.  An  examination  then  .sliows  some  diminution  of  power 
in  the  feet  and  legs  and  also  in  the  hands,  with  loss  of  tendon  reflexes 
and  much  tenderness  in  the  muscles,  which  show  a  diminished  electric 
excitability.  There  is  never  any  ataxia,  though  the  patient  swa\'^ 
when  his  63^3  are  closed.  There  is  discovered  a  slight  degree  of 
amf^sthesia  of  irregular  di.stribution,  chiefly  in  the  legs  and  in  the 
radial  nerve  region  on  the  forearms.  Though  the  patients  look  pale, 
examination  of  the  blood  does  not  show^  any  marked  anaemia. 

The  circulation  in  the  extremities  is  sluggish.  The  heart  is  irregular 
and  rather  rapid,  and  the  cederaa  of  the  extremities  indicates  a  failure 
of  its  power.  Wallace  Taylor^  found  that  a  sphygmographic  tracing 
is  characterized  by  a  sudden  upstroke  in  ventricular  systole,  by  a 
precipitous  descent  from  the  apex  of  the  percussion  wave,  imd  by 
dierotism.  Beyond  this  point  these  cas€*s,  which  make  up  the  ma- 
jority, do  not  advance.  They  usually  recover  in  a  few  days,  or  at 
most  a  month,  although  a  few  become  chronic  and  require  several 
months  before  the  cure  is  complete. 

There  are.  secondly,  severe  cases.  These  may  present  three  diff'er- 
ent  types.    There  is,  first,  the  atropliic  or  dry  ty^je,  in  wliich,  after  an 


*  On  Pamlyais  from  P'ehpheral  Neurim,  p.  37, 

•  Studies  in  J»panesL»  Kakkc,  by  Wallace  Taylor,  M,D. 
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onset  similar  in  natiirr  to  that  in  the  slight  cases,  but  much  more 
rapid,  the  weakiinsy  deveitjps  into  a  true  paralysis  associated  mth 
marked  wa^^ting  of  tlir  rniiscles  and  reaotiori  of  degeneration,  wath 
gn^at  dinuimtioii  of  galvanic  exeitahihty.  Within  a  week  the  patient 
has  to  go  to  bed,  and  then  t!ie  paralysis  soon  spreads  from  the  legs 
to  the  arms,  and  may  involve  the  trunk  and  even  the  face.  The 
entire  muscular  system  wastes  away  until  the  patient  is  a  mere 
skeleton-  In  addition  to  the  motc^r  symptoms  there  is  great  sensory 
disturbance.  The  suffering  from  pain,  paraesthesiae,  and  general  mus- 
cular tenderness  is  extreme^  and  the  patient  lies  totally  helpleas  and 
unable  to  tolerate  the  lightest  touch.  The  skin  may  be  glossy.  There 
is  usually  some  anaesthesia,  but  it  is  never  complete,  and  it  dcjes  not 
involve  the  trunk.  The  tejnperature  sense  is  seldom  affected. 
Pain  may  be  delayed  in  transmission.  There  are  no  gastric  symp- 
toms and  no  tederna.  Some  cases  prove  fatal  from  general  exhaus- 
tion or  intercuiTent  disease,  but  the  majority  recover  after  a  con- 
valescence which  lasts  a  year  or  more,  during  which  the  muscular 
systera  is  rebuilt. 

There  is^  secondly^  the  liydi'opic  or  wet  type.  In  these  heart 
failure  appears  early  and  is  associated  with  a  marked  decrease  of 
arterial  tension  and  much  a^dema  of  the  entire  body,  the  effusion 
into  the  ca\dties  being  added  to  that  beneath  the  integument.  The 
swT^lling  of  the  cedematous  parts  concerds  the  atropliy  w^hich  is  going 
on  in  the  muscles,  but  this  is  indicated  by  the  paralysis,  which  is  as 
severe  as  in  the  preceding  form,  aiul  it  becomes  evident  during  recov- 
ery when  the  ce^iema  has  subsided. 

There  is,  thirdly,  the  acute  pernicious  type.  In  this  all  the  symp- 
toms of  the  two  former  types  apjiear  in  rapid  succession,  and,  in 
addition,  gastro-intestinal  s\miptoms  and  a  suppression  of  lu-ine  com- 
bine to  make  the  condition  an  alarming  one.  Effusions  into  the 
pleura  and  perieartlium  appear  early.  The  pulse  lieeomes  small  and 
irregular^  and  cyanosis  indicates  the  heart  failure  w^lucli  precedes 
death.  There  are  no  constant  changes  in  the  blood,  and  leuco- 
eytosis  has  not  been  found. 

In  this  form  the  disease  ntay  run  its  course  in  two  weeks  to  a  fatal 
termination.  This  was  the  form  which  ehieHy  pre\7iiled  in  Manila, 
the  cas^  of  the  atrophic  form  being  the  ones  which  recovered. 

The  se%Trity  differs  much  in  different  epidemics,  the  mortality 
varying  from  2  per  cent,  in  Japan  to  60  i^er  cent,  in  Manila.  It  is 
usually  not  al>ove  3  per  cent.  In  all  the  forms  there  is  some  danger 
of  a  sttddf'ii  lieart  failure,  and  this  is  usually  the  cau^e  of  death. 

Treatment*  M  to  its  treatment,  it  may  be  mentioned  that  qui- 
nine fails  to  influencf^  its  course  and  tliat  heart  stimulants  to  combat 
the  flangerous  ci^mplications,  hy|>notics  to  counteract  the  pain  and 
insomnia,  and  general  tonic  treatment  have  proved  of  tlie  greatest 
service.  Change  of  climate  is  often  attended  liy  recovery.  In  the 
Btage  of  recovery  electricity  and  massage  have  been  empkn-ed  with 
advantage. 


CHAPTER    IX. 


MULTIPLE   NEURITL"^   ASSOCIATED 
EASED  STATES  OF  THI 


WITH   OTHER 
;    liODY. 


DIS- 


Muttlple  Neuritis  and  RbeumAtisni,  Gout,  Diabetes,  Tuberculosis,  Syphilis,  and  C&rci- 
lUMma.     Multiple  Neuritis  of  Unknown  Ongin.     Senile  Polyneuritis, 

The  occurrence  of  multiple  neuritis  in  connection  with  certain 
other  flisease.s  hns  been  observed  in  80  many  cases  as  to  have  led  to 
the  hy]>othe8i?^  that  there  must  be  some  causal  relation  between  the 
two  rnnditions,  The  diseases  in  which  nem*itis  develops  are  of  a 
nature  to  affect  the  general  health,  to  impair  the  nutrition,  and  to 
produce  a  constitutional  disturl>ance ;  but  it  becomes  evident,  from 
the  fact  that  only  a  small  jiercentage  of  the  patients  suffering  from 
these  diseases  develop  neuritis  that  s;ome  other  cause  tiiust  be  active 
in  conjunction  with  the  disease.  A  congenital  or  aeciuired  weakness 
of  the  nervous  system  is  probably  present  in  certain  individuals  and 
predisposes  them  to  tiiis  eomplieation,  when  they  fall  victims  to 
other  affections.  Tlie  diseai?es  with  which  neuritis  is  frequently  Jisso- 
ciated  are  rheumatism  and  gout,  diabetes,  tuberculosis,  s}T>hiljs, 
carcinoma,  senility,  and  arterial  sclerosis. 


MITLTIFLE  NEURITIS  AND  EHEUMATISM. 

Multiple  neuritis  is  very  rarely  to  Ik*  traced  to  rheumatism. 
Tlie  so-called  *^r]ieumatic"  f'ascs  <it  the  Germans  are  cases  due  to 
exposxire  to  cold  and  do  not  present  the  characteristic  sjmptoms  of 
rheumatic  fever  and  joint  afTections.  In  many  ca^es  of  neuritis 
some  pain  in  the  joints  on  motion  may  be  present,  but  it  is  very 
seldom  that  the  red,  swollen,  reileinatous,  hot  joints  of  rheumatism 
are  found.  A  critical  Fe\iew  of  the  cases  of  multiple  neuritis  sup- 
posed to  be  rheumatic*  shows  no  conclusive  evidence  of  the  coexist- 
ence of  the  two  diseases.  It  is  not  enough  to  consider  pain  and 
tenderness  about  the  rheumatic  joint  as  evidence  of  neuritis  w^hen 
amesthesia  and  paralysis  in  the  domain  of  these  tender  nerves  fail 
to  appear.  Nor  is  it  suihcient  evidence  of  rheumatism  to  tind  painful 
joints  in  eases  of  neuritis  without  the  constitutional  effects  of  the 
disease.  Hence  it  seems  very  questionable  whetlier  we  are  justified 
in  considering  rheumatism  as  a  cause  of  multiple  neuritis.  It  is 
admitted  that  local  neuritis  is  not  infrequently  produced  in  the 

*  E,g,,  tlie  cftsen  cited  by  Steiner.     Dent.  Arch.  f.  klin.  Med.,  Iviii.  p.  240. 
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vicinity  of  a  rheiiiiiatic  joint,  as  in  the  cases  fully  described  by  Bury.* 
TliiLSt  in  rheiimatisni  of  the  elbow,  the  ulnar  nerve  may  become  in- 
flamed, swollen,  tender  to  pressure,  and  jiaralysis  and  atrophy  of  the 
interossei  and  thenar  eminences  may  ensue,  with  anaesthesia  in  the 
hand.  So,  too,  peroneal  neuritis  may  result  from  a  rheumatism  of 
the  knee,  I  have  seen  several  cases  of  tliis  kind.  In  sueh  eases 
there  is  a  localized  neuritis  due  to  extension  of  the  inflammatory 
processes  directly  frtmi  the  joint  to  the  nerves  passing  over  it.  This 
cannot  l)e  considered,  however,  as  a  neuritis  due  to  the  state  of  the 
blood  which  prochices  the  rhemnatism.  Furthermore,  an  error  is 
often  made  when  the  tender,  stiff  joints  which  develop  late  in  the 
course  of  neuritis  are  termed  rheumatic.  In  the  later  stiiges  of 
alcohoHc  neuritis,  when  the  tenderness  of  the  skin  and  muscles  and 
the  pain  produced  by  any  motion  have  led  the  patient  to  keep  the 
hands  and  fingers  and  toes  perfectly  fixed  and  immovable  for  weeks, 
an  ankylosis  of  the  smaller  joints  often  develops,  and  this  may  be 
accompanied  by  some  thickening  of  the  articular  surfaces  and  is  often 
attended  by  tliickening  of  the  skin  over  the  knuckles,  and  by  profuse 
sweating  of  the  hands  and  fe^t.  This  may  give  rise  to  a  contlition 
not  unlike  that  resulting  from  chronic  rheumatism.  It  is  not,  how- 
ever, rheumatic,  l>ut  is  the  natural  sequel  of  inacti\ity  in  a  joint 
\vhich  is  fixed,  and  is  a  trophic  symptom  of  neuritis. 

It  is  e\4dent,  therefore,  that  it  is  a  mistake  to  regard  neuritis  as 
a  frequent  result  of  rheumatism,  or  to  establish  any  causal  relation 
l>etween  the  two  diseases.  In  ea.sc  the  two  diseases  coincide  or  follow 
one  another,  each  should  be  treatetl  separately. 

In  the  course  of  a  ease  of  chronic  articular  rheumatism  or  of  clu^onic 
arthritis  deformans,  multiple  neuritis  may  develop  from  any  cause. 
I  have  seen  several  such  ca,ses;  but  here,  again,  there  is  never  any 
certain  evidence  of  a  causal  relation  between  the  tw^o  afi'ections 

MULTIPLE  NHJEITIS  FOLLOWING  OOtTT, 

Neuralgia  and  localized  neuritis  in  single  nerves  have  been  fre- 
quently observed  as  a  complication  of  gout.  Of  late,  ICnghsh  writers 
have  called  attention  to  the  frequency  of  attacks  of  multiple  neuritis 
affecting  symmetrical  nerves  on  both  sitles  of  the  body  as  an  occa- 
sional sequel  or  accompaniment  of  this  constitutional  affection. 
Sciatica  and  brachial  neuritis  are  frequently  traced  to  this  cause. 
Buzzard,*  in  particular,  has  described  several  cases  in  w^hich  a  sudden 
attack  of  paiii  and  nmnbness  in  the  hands  has  been  followed  by 
weakness  and  loss  of  faradic  excitability  in  the  muscles  of  the  hands 
and  forearms,  and  in  one  ca^e  this  condition  soon  appeared  in  the 
feet.    These  patients  w^ere  gouty  persons  and  acute  attacks  of  gout 

I  Medic aJ  Chrotiide^  June,  1888. 

*  Bussard.    Harveian  Lectures^  1885,  Lancet,  vol.  ii.  p.  083 .    Dyc€  Duckworth,  Gout. 
London,  1893,  p.  247. 
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had  preceded  or  accompanied  the  nervous  symptouLs.  Ebstein'  and 
Grube'  and  Itemak*  have  piibhshed  similar  cases,  and  all  agree  that 
a  direct  relationship  between  gout  and  neuritis  is  proven.  A  general 
peripheral  neuritis,  such  as  the  ioun  occurring  after  alcohoUc  poison- 
ing or  after  exposure  to  cold,  has  not  been  ol^served.  For  this  reason 
the  following  case,  in  wliich  both  peroneal  and  anterior  tibial  nervea 
were  affecteil  ami  the  smaller  1) ranches  of  the  nerves  in  the  hands 
were  also  involved,  may  be  recorded  as  of  interest: 

The  disease  began  with  a  severe  itching  and  burning  sensation 
about  the  toe-nails  and  upon  the  dorsum  of  the  right  foot,  which 
soon  developed  in  the  left  foot  also.  This  itchiiig  and  burning  sen- 
jiation  then  extended  up  both  legs  to  the  knee,  but  was  not  at  tirst 
attended  by  any  change  in  the  appearance  of  the  skin,  or  by  actual 
lesia.  After  several  remissions  the  symptoms  became  more 
intense^  and  the  burning  and  itching  were  accompanied  by  the  ap- 
pearance of  a  crop  of  minute  vesicles.  The  feet  then  became  swollen, 
the  skin  became  glossy,  red,  and  extremely  tender  to  the  slightest 
touch,  and  the  sensation  was  one  of  great  pain  throughout  both  lower 
extremities.  Any  moist  dressing  upon  the  surface  intensified  the 
pain,  but  dry  dressings  or  oily  applications  seemed  to  give  some 
reUef,  Large  serous  blebs  formed  upon  the  soles  of  the  feet  and 
about  the  toes,  and  there  was  considerable  eczematous  exudation 
and  a  scaly  appearance  of  the  skin  of  t!ie  entire  legs.  After  this 
condition  ha(i  lasted  for  three  months  smiilar  itching,  and  burning 
began  in  the  hands  about  the  fingers  with  very  marked^  fleep-seated 
parjesthesia.  Fine  vesicular  pin-point  elevations  in  the  skiii  of  the 
hands  also  appeared,  but  these  did  not  go  on  to  the  formation  of 
blebs,  as  in  the  feet.  .After  two  months  the  skin  of  the  legs  had 
become  thickened,  cracked,  and  shiny  with  crusts  all  over  the  surface, 
and  when  these  had  peeled  off  the  surface  was  red  and  very  sensitive 
to  Ught  pressure.  The  nails  of  the  toes  were  thickened,  rough, 
striated,  and  black.  It  was  said  that  they  had  not  grown  at  all 
during  sLx  months.  Tactile  sensibility  was  diminished  over  both  feet 
and  both  legs,  but  any  touch  was  attended  by  great  pain.  The 
muscles  of  the  feet  and  legs  bad  become  extreme!}'  atrophied  and 
were  almost  entirely  paralyzed;  no  electrical  examination  could  he 
made  on  account  of  the  extreme  sensitiveness.  At  this  time  sciatica 
was  complained  of  as  high  as  to  the  buttocks.  The  knee-jerks,  at 
first  exaggerated,  were  subsequently  lost. 

WTien  I  saw  the  patient,  a  woman  of  about  fifty  years  of  age,  seven 
months  after  the  onset,  she  was  unable  to  stand  or  bear  her  feet  upon 
the  floor,  but  the  paralysis  had  subsided  and  she  could  move  her 
ankles  J  but  could  not  move  her  toes.  There  was  very  marked  ten- 
derness to  touch  over  both  legs  and  upon  both  feet,  and  the  tender- 
ness of  the  nerves  upon  the  soles  of  the  feet  was  extreme.    The  skin 


>  Ebstein.     Deutsche  med.  Wochen.,  189S,  p.  480. 

»  Grube,     Mtinchener  med.  Wochen.,  1899,  p,  23 

*  Eenmk.     Nothnager«  spec.  Path,  u,  Ther.,.   vol,  xL,  Th.  iii.,  p.  023. 
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of  the  feet  was  dry,  scaly,  and  cracked.  The  nails  were  badly  dis- 
colored, ridged,  and  dark  and  rougli,  excepting  near  the  matrix, 
where  a  new  growth  of  nail,  about  one-half  inch  in  depth,  had  begun. 
Any  covering  applied  to  the  feet  caused  intense  liurning  and  itching^ 
so  that  she  kept  the  feet  entirely  uncovered  both  by  day  and  night. 
There  was  nothing  in  tlie  way  of  local  tn^atinent  that  relieved  this 
itching  and  burning,  tliougli  every  form  of  local  apphcation  had  been 
tried.  Tlie  i>all  of  the  fot»t  was  rerl,  the  rest  of  the  foot  wliite;  but 
during  an  attack  of  pain  the  feet  became  scarlet,  or  sometimes  he- 
came  very  much  more  pallid  than  usual.  It  was  evident  that  the 
condition  in  the  feet  was  that  of  er\i:liromelalgia. 

There  was  a  suiiilar  Imrning  sensation  and  iteliing  felt  in  the  hands 
from  time  to  time,  but  there  was  no  apparent  malnutrition  of  the 
skin, 

The  patient  came  of  a  very  gouty  family  and  had  many  indications 
of  the  presence  of  gout,  and  all  these  symptoms  gradually  subsided 
in  the  course  of  a  year  muler  treatment  directed  exclusively  to  the 
gouty  stat^,  namely,  dietetic  treatment  and  alkalies  given  freely. 
The  coal-tar  products  appeared  tci  give  some  little  relief  to  the  local 
symptoms.  I  have  seen  the  patient  several  times  in  the  past  five 
years  and  there  has  been  no  returii  nf  the  affection. 

I  have  seen  several  other  cases  that  were  quite  similar  to  this  in 
their  symptoms  and  course  and  have  no  doubt  that  they  can  be 
classed  together  as  gouty  neuritis. 

MOTiTIPLE  NEURITIS  FOLLOWINa  DIABITIS. 

Nem-algia  in  the  course  of  diabetes  is  a  very  cornrmjii  occurrence^ 
and  proljably  is  an  intlieation  that  the  condition  of  the  l:>I<jod  in  this 
disease  produces  an  imperfect  nutrition  of  the  nerves.  The  loss  of 
knee-jerk  often  observed  in  tliis  disease  (30  per  cent,  of  cases)  sup- 
ports tliis  hypothesis.'  The  sciatic  nerve  seems  to  be  the  one  more 
commf>nly  affected  than  any  other  nerve.*  I  have  seen  many  cases » 
and  think  it  important  to  look  for  sugar  in  the  lu-ine  in  every  case 
of  sciatica,  Bruns  has  called  attention  to  the  frequency  of  crural 
and  obturator  neuralgia  and  neuritis  in  the  course  of  diabetes,  and 
Buzzard^^  has  obscrvecl  several  cases  of  brachial  plexus  nem^tis  follow- 
ing diabetes.  In  some  cases  the  attacks  of  neuralgia  have  been 
bilateral.*  In  some  cases  they  have  gone  on  to  neui'itis.  The  nervous 
symptoms  occurring  in  the  comse  of  diabetes  may  be  not  only  neu- 
ralgic pains  of  a  sharp,  shooting  character,  but  also  various  forms 
of  parapsthesia,  numlniess,  ami  liurning  sensations.  Patients  often 
complain  of  severe  cramps  in  the  legs,  especially  at  night,  and  these 
ma}'  precede  or  may  accompany  sciatica. 

»  Ziemaaen.     MiiDchencr  med.  Woe  hen,,  1885,  p.  618. 
»  Auerbach.     Dcutsrhes  Arch.  f.  klin.  Med.,  1887,  p.  484. 

•  BiiBjtard.     Briti^li  Meduftl  Jmimal,  1890,  vol.  i.  p.  1421. 

*  Williamson.     Mtniieal  Chronicle,  1802,  November;  Lancet,  1897,  %'ol.  li.  p.  138. 
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Multiple  symnietrical  neuritis  of  extensive  distributiou,  not  unlike 
that  occurring  after  poisoning  by  alcohol,  both  of  tlie  paralytic  and 
of  the  ataxic  tv'pes,  has  bc«n  a^scribed  to  diabetes,  l>ut  is  excei>tiunaIJ 
Several  authors  have  descril)ed  casei>  of  so-c ailed  neurotabes  periph- 
eriea  diabetica,  winch  have  resembled  locomotor  ataxia,  but  have 
gone  on  to  recovery.'  In  some  of  these  cases  the  diagnosis  from  true 
tabes  was  difficult »  especially  as  perforating  ulcer  of  the  foot  oc- 
curred,* The  tendency  to  gangrene  in  diabetes  is  not  traceable  to 
neuritis.  The  intensity  of  t!ie  rreviritis,  acctirtUng  tu  Gowers^  is  not 
related  to  the  amount  of  the  sugar  in  the  urine. 

The  prognosis  is  good  in  all  these  forms  of  neuritis,  as  they  recover 
when  the  sugar  disap])ears  froin  the  urine. 

The  treatment  will  necessarily  lie  directed  to  the  original  disease 

well  as  to  the  complication. 


MITLTIFLE  NEURITIS   AND  TXJBERCtJLOSIS. 

Cases  of  multiple  neuritis  occurring  in  tuberculous  ijatients  require 
some  consideration.  If  a  review  of  cases  of  multiple  neuritis  with 
autopsy  be  maile  it  will  be  foimd  that  quite  a  number  of  the  pa- 
tients died  of  phthisis.  There  is  little  evidence  to  prove  that  the 
neuritis  was  due  in  these  crises  to  the  tuberculous  disease.  No  one 
ha.^  found  tuliercles  in  the  nerv^e  trunks  in  these  cases »  and  bacterio- 
logical examination  has  not  demonstrated  the  presence  of  bacilli  in 
the  nerves.  For  tliis  rejison  it  is  not  possible  to  speak  of  a  tuber- 
culous multiple  neuritis.  There  is  uu  doul)t ,  however,  that  the  exist- 
ence of  a  grave  constitutitinal  affection  may  lead  to  such  a  general 
impairment  of  nutrition  in  the  nerves,  as  well  as  in  other  organs,  as 
to  predis]»ose  such  a  patient  in  an  attack  nf  neuritis.  Hence  especial 
mention  must  be  made  of  neuritis  as  a  complication  of  phthisis.  It 
should  not  be  forgotten,  however,  that  in  {jhthisical  patients  w*ho 
have  used  alcohol  freely  the  neuritis  may  owe  its  origin  to  this 
poison,  <  )i)penheini*  has  reported  eases  of  multiple  neuritis  in  tuber- 
culous patients  which  went  on  to  recovery.     The  following  case  died : 

A  young  girl  who  w*as  suffering  from  phthisis  took  a  severe  cold 
and  began  to  have  pains  in  the  joints,  weakness,  and  numbness  of 
the  low^er  extremities.  The  weakness  of  the  legs  increased  rapidly 
and  was  attende*!  by  rapid,  diffuse  atrophy.  The  same  symptoms 
st)on  developed  in  the  arms.  Four  weeks  after  the  onset  partial 
reaction  of  degeneration  was  present  in  all  the  extremities^  and  a 
total  paralys's  of  the  legs  and  nearly  complete  paralysis  of  the  arms 
were  present.  In  the  course  of  the  disease,  which  lasted  five  months, 
there  was  little  pain,  but  great  tenderness  of  the  muscles  and  hyper- 
esthesia of  the  skin.    The  sensation  was  diminished  in  the  feet  and 

*  Prycc.     Rraiu,  1S93.  vol.  %vK  p.  416. 
'  Leichtcntrett.     Inmig.  X>m.,  Berlin,  1893. 

*  Ravmond.     Lemons  sur  Ics  malad.  tlu  aval  *  nerv.,  1805,  vol.  ti,  p.  331 . 

*  ZciWh   f,  klin.  Med..  18S«.  p.  230. 
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hands,  but  this  was  slight  in  eoniparisoii  with  the  motor  t^ymptoms. 
The  paralysis  finally  attacked  the  tnmk  miLHcles  and  the  diajjhragm, 
while  the  beginning  of  rapid  heart  action  was  thought  to  indicate 
paralysis  of  the  pneumogastric  nerve.  Great  prostration,  delirium, 
incontinence,  bed-sores,  and  oedema  of  extremitieSj  vnth  fever,  pre- 
ceded death. 

A  high  degree  of  degeneration  of  the  peripheral  nerves,  including 
the  ]ihrenic  and  pneumoga^tric,  was  found  at  the  autopsy,  with  a 
moderate  degree  of  atrophy  of  the  muscles.  Spinal  cord  and  anterior 
motor  roots  w^ere  normaL  The  changes  in  the  nerves  were  similar 
to  those  after  section,  viz.,  a  simple  degeneration  of  the  fibres  with 
some  increase  in  the  connective  tissue,  but  there  were  no  e\idences 
of  changes  in  the  vessel  walls,  no  infiltration  with  cells.  The  nerv^es 
contained  very  few  normal  fibres.  The  myehn  sheaths  were  found 
in  all  stages  of  destruction  even  to  an  entire  absence  of  contents  of 
the  sheath  of  Schwann.  Throughout  the  fibres  fatty  and  granular 
ma,sses  were  ffjimd.  The  shi^ith  of  Schwami  did  not,  however,  show 
an  increase  of  nuclei.^ 

Such  a  ease  as  this  would  have  lieen  ascribed,  a  fe\v  years  ago,  to 
a  tuberculous  spinal  meningitis.  It  is  not  my  purpose  to  dispute  in 
any  way  the  fact  that  many  cases  of  paralysis  occurring  in  the  coiu-se 
of  phthisis  are  due  to  lesions  of  the  central  nervous  system  and  its 
memlnanes,  but  I  desire  to  emphasize  the  fact  that  a  multi|>le  neuritis 
may  produce  paralysis  in  tuberculous  individuals,  and  the  importance 
of  appreciating  tliis  possibility  camiot  be  too  strongly  urged,  since 
the  treatment,  as  well  as  the  prognosis,  will  differ  widely,  according 
to  the  diagnosis  made. 

It  has  been  known  for  some  time  that  local  neuritis  may  comijli- 
cate  phthisis,  and  the  researches  of  Pitres  and  Vaillard  have  con- 
firmed this  fact.  They  have  described  (a)  a  latent  neuritis  in  which 
lesions  in  the  nerves  were  found  ])ost-mor tern,  but  n(is}Tniitonishad 
appeared;  (6)  neuritis  causing  paralysis  and  atrophy  in  the  mus- 
cles, and  (c)  neuritis  with  sensor}^"  symptoms  only.  They  are 
inclined  to  ascribe  many  of  the  nervous  disturbances  arising  in  the 
course  of  consumption  to  an  affection  of  the  peripheral  nerves ;  and 
other  wTiters  have  confirmed  these  views  and  have  recorded  cases 
in  wdiich  all  forms  of  cranial  and  spinal  neuritis  have  appeared. 
But  here,  again,  the  neuritis  must  not  be  termed  tuberculous,  as 
it  has  nothing  characteristic  of  that  affection  in  its  patholog>\ 


MULTIPLE   HEtTEITIS   AND  SYPHILIS. 

There  has  been  much  rliscussion  in  regard  to  the  existence  of  a 
syphilitic  multiple  neuritis.  The  athnitted  frequency  of  sj^hiUtic 
exudations  in  nerve  trunks,  especially  in  the  cranial  nerves  and 
about  the  roots  of  the  spinal  nerves,  and  the  admitted  existence  of 


1  Vierordt.     Arch,  f.  Psych,,  1883,  voL  3civ,  p.  3. 
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gummy  growthi^  in  the  plt^xu.^rs  and  in  the  nerves,  and  of  ^y|>liilitic 
endarteritis  in  the  vc^ssels  atTompanying  the  nerves  have  made  it 
^eni  not  iniproJiable  that  a  true  syphiUtie  multiijle  neuritis  might 
occur.  The  prevalence  of  syphihs  has  resultetl  in  the  development 
of  multiple  neuriti.s  in  many  patients  who  were  syjihilitie,  and  this 
ha^  also  awakened  the  suspicion  that  syphiUs  might  be  the  cause  of 
the  neuritis.  The  syphilitic  poison  has  been  designated  by  some 
authon«  as  the  cause  in  these  cases;  by  others  the  effect^s  have  been 
ascribed  to  the  ix)st-syphihtic  toxin  w^liich  seems  to  play  such  a 
prominent  part  in  the  produetiori  of  tabes.  Cases  have  been  reported 
in  all  stages  of  the  disease.  It  is  only  in  a  few  of  the  reported  cases, 
however,  that  a  true  syphilitic  multifile  neuritis  can  be  admitted. 
In  the  cases  of  Fordyce/  Spellmann  and  I^tieone/  and  Fry/"*  the 
development  of  multiple  neuritis  in  the  course  of  the  second  stage 
of  syphilis,  the  accom|>anying  numerous  syphilitic  de])osits  in  the 
skin  and  iieriosteum,  and  the  rapid  improven^ent  uniler  antisyphilitie 
treatment .  give  a  certain  probability  to  the  assertion  that  these 
case8  were  of  specific  origin.  It  must  be  acknowledged,  however, 
that  such  cases  are  extremely  rare.  At  a  discussion  at  the  New  York 
Neurological  Society  it  was  found  that  no  one  of  the  meml^ers  had 
seen  a  case  of  nmltiple  neuritis  unfioubtedly  sy]>hilitic,  an<l  a  review 
of  the  literature  has  convinced  me  that  many  of  the  cases  reported 
as  such  were  not  actually  <lue  to  the  disease. 


MULTIPLE   NEUEITIS   AND   QANOER. 


Auche*  collected  from  the  literature  an<l  published  a  numlier  of 
cases  of  neuritis  developing  in  the  course  of  carcinoma,  especially  of 
the  stomach.  Some  of  these  were  local  neurit's  due  to  a  direct 
exten^on  of  the  carcinoma  into  adjacent  nerve  trunk^s.  Others  were 
general  nmltiple  neuritis  in  the  peripheral  branches.  The  lesions 
were  found  post-mortem  to  lie  of  the  type  of  degc^neration  in  the 
finer  nerve  filaments,  not  unlike  those  found  by  Pitres  and  \'aillard 
in  tul>erculous  patients.  In  some  of  these  cases  no  syniptoms  hail 
appeareil  cluring  life.  In  others  minor  sfusor)^  symptoms  were 
noticed:  para*sthesia%  an*!  ana'sthesia%  and  pain.  In  a  few  cases  the 
symptoms  of  a  general  multiple  neuritis,  typical  senstJiy  an<l  motor 
paralysis  develo|HMl.  This  was  seen  in  cases  of  Miura  and  Remak,* 
where  the  autopsy  confinned  the  dia^tiosis.  In  this  Criinnection  it  is 
to  \h*  rememl)ered  that  processes  of  degeneration  are  going  on  con- 
tinually in  ntirmal  nerves  in  a  state  uf  health,  that  these  processes 
are  undoubtedly  intensified  and  regeneration  is  rHayi^d  in  conditions 
of  wasting  disease,  such  as  tuberculosis  and  carcinoma^  and  also  in 

Botsion  Mftlical  and  Surgical  Journiil,  1890,  p.  W. 
Revue  ru'iirdlcTtg^iquc,  1807,  p.  28 
^*  JnurnaJ  of  .\cr\'oiis  and  Mi^ntal  Disease,  1808,  p.  594. 
*  R4?vuf^  de  ra^'d..  October,  ISt^O. 

»  Berliner  klm.  Wocljen..  ISlU ,  p.  906.    Notlinagers  »pec.  Path.  ii.  TIut,,  Th,  ij. p,  312, 
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senile  coiKlitions  or  where  the  circulation  aiui  nutrition  are  inter- 
fered with  J  as  in  states  of  extensive  arterial  ^sclerosis.  Hence,  it  is 
not  proper  to  lay  too  much  stress  upon  lesions  of  tliis  kind  found 
after  death  when  no  s>Tuptoms  have  appeared  during  life.  .\nd 
while  **  latent  neuritis''  may  awaken  interest  as  a  pathological 
curiosity,  it  is  of  no  importance  to  the  clinician. 

MULTIPLE  NIURITIS  OF  UNKNOWN  ORIGIN. 


A  certain  number  of  cases  of  multiple  neuritis  develop  after  expo- 
sure to  cold,  A  few  develop  after  unusual  exertion,  and  quite  a 
number  occur  without  any  ascertainable  cause. 

It  is  true  that  the  more  closely  so-called  idiopathic  or  spontaneous 
cases  are  scrutinized,  in  the  light  of  our  knowledge  that  a  great 
variety  of  causes  are  competent  to  produce  multii>!e  neuritis,  tlic 
more  likely  we  are  to  discover  some  cause.  Thus,  many  cases  whicli 
have  l>een  reported  as  idiopathic  can  now  be  traced  to  tuberculous, 
carcinomatous,  gouty,  rheumatic,  or  diabetic  conditions  known  to 
exist  in  the  patients,  but  not  formerly  supposed  to  have  any  causal 
relation  to  neuritis.  There  are  numerous  cases  of  '^ idiopathic'^ 
neuritis  w^hich  are  preceded  by  severe  gastro-enteritis.  Is  it  not 
possible  that  an  acute  intoxication  or  ptomaine  poisoning  capable 
of  causing  the  ga^stro-intestinal  symptoms  may  produce  a  general 
neiu*itis?  This  t|uestion,  which  has  occurred  to  several  recent  writers 
on  the  subject,  seems  to  lie  answered  affirmatively  l>y  sucli  observa- 
tions as  are  collected  by  Remak  from  recent  literature. 

It  is  possible  that  in  some  of  these  '^idio]>ath)c''  cases  there  may 
be  acute  infection  as  the  basis  of  the  neuritis^  inasmuch  as  some  of 
the  cases  develop  with  an  acute  febrile  attack,  a  chill,  temperatuiT 
rising  to  102^  or  104*^  F,,  and  continuing  for  t^everal  days  with  the 
general  manifestations  of  the  febrile  movement,  a  rapid  pulse,  nausea 
and  vomiting,  diarrhoea,  occasionally  jaunchce,  malrilse,  catarrhal 
sjanptoms  in  the  various  mucous  membranes^  and  a  general  condition 
of  acute  sickness,  such  as  is  iotiieative  of  an  infection,  Remak'  has 
laid  great  stress  upon  these  si)ontaneous  cases  and  has  argued  from 
the  general  constitutituial  disturiiance  that  they  are  always  infec- 
tious. He  cites  cas*\s  by  Striimpeil,  Rosenheim,  and  Putnam,  which 
were  attended  by  a  marked  swelling  of  the  spleen,  in  support  of 
this  hypothesis  of  infection.  I  am  inclined  to  agree  with  Raymond 
(Lemons,  1897)  that  very  many  cases  of  paralysis  hitherto  ascribed 
t^  spinal-cord  disease  J>ut  resulting  in  recover^;,  are  actually  cases  of 
this  nature,  such  as  the  cases  recently  describeil  by  Dana-  as  acute 
ataxia,  and  many  cases  of  so-called  acute  poiiomyelitis  in  adults. 

Sjrmptoms.  The  symptoms  arising  in  these  cases  do  not  differ  in 
any  particular  manner  from  the  symjitoms  occurring  in  alcoholic 


*   NoUuiAgel's  spec.  PathoK  u.  Them  pie,  Bd.  xi.  Th.  ii, 
»  Jour.  Nerv.  and  Mi^nt   Dts,.  1901,  p.  lOo. 
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neuritis,  though  Schultze  is  incUned  to  divide  the  cases  into  three 
categories,  according  to  the  prevalence  of  sensory,  motor,  or  ataxic 
symptoms.  The  general  description,  therefore,  of  the  symptoms  of 
multiple  neuritis  already  given  is  sufficient  for  these  cases,  and  if 
the  points  that  are  mentioned  under  the  head  of  diagnosis  (page  110) 
are  carefully  considered  it  will  be  possible  to  separate  these  cases 
from  other  affections  producing  somewhat  similar  symptoms.  The 
cerebral  nerves  do  not  escape  in  these  cases,  and,  in  fact,  any  of 
the  symptoms  which  have  already  been  considered  under  the 
heads  of  alcoholic  multiple  neuritis,  arsenical  multiple  neuritis,  and 
diphtheritic  multiple  neuritis  may  develop  in  the  course  of  these  cases. 
In  a  few  cases  optic  neuritis  has  been  observed,  though,  as  already 
stated,  this  complication  is  rare.  Sometimes  painful  swelling  of  the 
joints  has  been  noticed  at  the  beginning  or  in  the  course  of  the  cases 
of  idiopathic  polyneuritis,  and  it  has  been  a  matter  of  discussion 
whether  such  joint  affection  was  secondary  to  the  neuritis  or  an 
independent  rhemnatic  state. 

Korsakow^  has  affirmed  that  cerebral  symptoms,  such  as  have 
ah-eady  been  described  as  occurring  in  alcoholic  neuritis,  namely 
loss  of  memory,  or  delusions  of  memory,  or  disturbances  of  memory, 
or  even  a  state  approaching  dementia,  may  develop  in  the  course  of 
these  cases.  I  have  never  seen  these  psychical  symptoms,  however, 
in  any  but  the  alcoholic  tjrpes  of  the  disease. 

SENILE  POLYNEXTRinS. 

A  form  of  multiple  neuritis  occurring  in  old  age  and  not  produced 
by  any  of  the  known  causes  of  neuritis,  and  not  attended  by  any  of 
the  acute  symptoms,  has  been  observed.  This  type  of  neuritis  has 
been  described  chiefly  by  Oppenheim.^  I  have  seen  several  cases  of 
this  affection.  Patients  are  usually  persons  over  the  age  of  seventy 
years  and  are  often  the  subjects  of  arterial  sclerosis.  The  symptoms 
develop  slowly.  There  is  increasing  weakness,  with  numbness  in  the 
lower  extremities,  and  then  in  the  upper  extremities;  but  the  patients 
do  not  suffer  from  sharp  pain  or  from  tenderness  along  the  nerves. 
There  is  a  progressive  condition  of  paresis,  which  is  much  more 
marked  in  the  hands  and  forearms  and  in  the  feet  and  legs  than  in 
the  proximal  portion  of  the  extremities,  and  is  rarely  attended  by 
any  symptoms  in  the  nerves  of  the  head,  eyes,  or  face.  In  some 
cases  atrophy  has  attended  the  paresis  and  there  has  been  a  dimi- 
nution in  the  contractility  of  the  muscles  to  both  currents.  Kneo- 
jerks  are  lost.  There  is  rarely  any  ataxia.  Very  frequently  the 
general  weakness  leads  to  a  tremor,  which,  however,  may  be  con- 
sidered as  one  of  old  age.  In  one  case  that  I  observed,  where  the 
neuritis  occurred  in  a  person  who  had  long  suffered  from  chronic 

'  Zeitsch.  f.  Psych.,  vol.  xlvi.  p.  475,   1890.     Arch,  f.  Psych,,  vol.  xxi.  p.  669. 
'  Berliner  klin.  Wochen.,  1893,  p.  589. 
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arthritis,  the  joints  that  had  previously  been  stiff  and  deformed 
became  quite  relaxed,  so  that  very  abnormal  positions  could  be  given 
to  the  fingers  and  toes  and  to  the  wrists  and  ankles,  without  any 
perception  of  pain.  In  this  case  there  was  a  complicating  gangrene 
of  one  leg.  It  remained  for  a  long  time  after  the  symptoms  of  the 
neuritis  had  subsided  and  the  paralysis  disappeared.  The  fixed  de- 
formity of  the  joints  returned  with  the  subsidence  of  the  paralysis. 
In  spite  of  their  age,  these  patients  do  not  always  die  of  the  disease, 
and  may  recover  quite  completely.  Stein^  has  recently  recorded  a 
case  in  which  the  muscles  of  the  eyes  were  paralyzed  for  a  short 
time. 

In  the  treatment  of  this  form  of  multiple  neuritis  the  importance 
of  good  food  should  be  remembered,  and  the  free  use  of  stimulants 
may  be  required. 

1  Munchener  med.  Wochen.,  1897,  p.  463. 


The  Spinal   Corel,   its    Nerves   and  Arteries.     ( Adainkiewioz.) 
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CHAPTER    X. 
DISEASES  OF  THE  SPIN.\L  CORD, 

TH£  DXAaKOSIS  AKB  LOCALIZATION  OF  SPINAL  COEB  DISEASES. 


The  spinal  mrd  is  a  long  cyliniiricul  nrgiin  f»xtending  from  the 
medulla  oblongata  at  the  ba^*  of  the  lirain  downward  through  the 
vertebra  to  the  k*\'t'I  ttf  the  second  lumbar  spine.  It  is  surrounded 
by  two  membranes — ^the  pia  mater,  which  contains  its  numerous 
blooit vessels,  and  the  dura  mater,  which  acts  a,<  a  thick  firotecting 
shenth,  and  which  lies  again8t  the  bony  walls  without  being  closely 
adherent  to  them.  From  the  sides  of  the  spinal  eoril  the  spinal 
nerv*es  come  nut  in  pairs,  each  nerve  having  two  roots — an  anterior 
root,  which  is^suc^  from  the  antero-lateral  groove,  and  a  posterior 
root,  which  enters  the  postero-iateral  groove.  On  each  posterior  root 
lies  an  oval  body — the  posterior  s|)inal  ganglion^ — which  contains  the 
sensory  neurone  brHli**s.  The  cord  has  t%vo  enlargements,  the  cer- 
vical and  lumbar,  opj^Hisite  to  the  exit  of  the  nerves  to  the  extremi- 
ties. It  is  made  up  of  thirtyHUie  segments,  each  segment  consi^stiiig 
of  a  ma8s  of  gray  matter  connected  with  a  pair  of  spinal  nerves 
which  pass  to  a  definite  region  of  the  body;  antl  each  segment  is 
joined  to  the  others  and  also  to  the  brain  bymeaas  of  nerve  tracts 
ruiiniug  through  the  various  columns  which  surround  the  gray  matter 
of  the  segment. 

The  spinal  cord  is  an  organ  that  has  two  distinct  functions: 
namely »  (1)  the  function  of  controlling  directly  the  various  parts  of 
the  body  with  which  it  is  joined  l>y  means  of  its  pairs  of  nerves: 
and  (2)  the  function  of  conducting  impulses  to  and  from  the  brain. 
In  considering,  therefore,  the  functic>ns  of  the  cord  and  the  symp- 
tonus  that  arise  from  distort jance  of  these  functions,  it  is  necessary 
to  understand  not  only  the  function  of  each  spinal  segment  so  far 
as  its  motor  mechanisms,  its  sensory  connections,  its  vasomotor  and 
trophic  functions,  and  the  distrilmtion  of  its  particular  pair  of  spinal 
nerves,  are  concerned,  but  also  the  functions  of  the  columns  of  the 
cord  that  pass  through  the  particular  segment  concerned,  and 
that  transmit  motor  impulses  downward  from  the  l)rain  and  sensory 
impulses  u|>ward  t<nvard  the  brain. 

In  this  chapter  each  syruj)tom  that  may  present  itself  in  any  case 
of  spinabconl  ilisease  will  l>e  cdusidererl.  and  tliese  symptoms,  one 
by  one,  will  be  referred  to  the  anatomical  structure  whose  function 
is  impaired,  and  thus  it  will  \yf*  |>ossible  to  determine  what  the  patho- 
logical import  of  each  symptom  may  be.  This  will  demonstrate  how 
remhly  the  localisation  of  spinal  affections  may  be  determined,  and 
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from  this  localization  and  the  com* 
bination  of  the  sjTnptoms  it  will  be 
easily  possible  to  arrive  at  a  diagnosis 
of  aoy  form  of  spinal-cord  disease. 

Symptoms.  The  symptoms  of 
spinal-cord  disease  are  parah-sis, 
changes  in  reflex  activity,  disturb- 
ance in  the  control  of  the  sphincters, 
alterations  of  gait  and  of  posture^ 
defects  of  sensation,  ataxia,  pain,  and 
trophic  disorders. 

Paralysis  is  a  condition  of  weak- 
ness or  total  loss  of  power  in  a 
muscle.  It  may  be  limited  to  a  sin^e 
muscle,  it  may  affect  a  group  of 
muscle,  or  it  may  affect  a  limb  in  its 
entire  mascular  apparatus.  Paralysis 
may  be  due  to  an  interference  with 
the  transmission  of  voluntarj'  im- 
pulses from  the  motor  centres  of  the 
brain  to  the  motor  cells  (neurones)  of 
the  spinal  cord,  which  impulses  pass 
in  the  motor  tracts  of  the  spinal  cord 
— \nz,,  in  the  lateral  pjTamidal  and 
anterior  median  columns.  Paralysis 
may  also  be  caused  by  a  destruction 
of  the  motor  neurones  situated  in  the 
anterior  gray  horns  of  the  spinal 
cord,  whose  axis-cylinder  processes 
(axones)  pass  directly  to  the  muscles 
through  the  anterior  nerve  root^  and 
the  motor  ner\'es  of  the  body. 
There  are,  therefoi*e,  two  forms  of 
spinal  paralysis,  quite  clearly  distinct 
from  one  another  according  as  the 
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Diagram  ni  the  npjn&l  cord,  flbowlng  the  motor 
roeehnDlstDB.  Fy,  lalciml  pymmldai  coIuiud  ;  AM» 
interior  median  cotumn  Innsmlttlng  voluntary  Ixo- 
pmlses  from  the  right  pyrftmtd  of  ibe  medulla  to  tbe 
motor  cells  of  the  ariteHor  hortis  of  the  cord,  whence 
moLor  nerves  faauc  in  the  rarsior  rooi  (m) ;  S,  eenioTy 
nerve  funding  Its  flbreH  kito  the  pmterioT  horn  and 
Into  the  Tofti  ssone  of  the  column  of  Burdach  (B), 
wbence  flbres  puss  forwanl  to  reach  the  commlsfiuml 
oellfe  (e)  and  the  aasooladon  ccUh  (a),  and  the  motor 
cellB  {m).  These  Ibrm  the  motor  mechanUm  of  refles 
and  &utottiaUe  acla.  L,  flbres  of  limklng  laycsT, 
oomlftlng  of  aflsoclatlon  neurones  between  varloui 
levels  of  the  cord,  belnjc  branches  of  the  cella  (a). 


* 
^ 


THE  DIAGNOSIS  OF  SPINAL-COMD  DISEASES. 


1H7 


lesion  affects  the  first  (cortico-spinal)  or  the  second  (spinomuscular) 
part6  of  the  motor  mechaiusm. 

The  diagram  (Fig,  32)  shows  these  two  parts  of  the  motor  mechan- 
ism.  The  motor  neurones  of  the  brain  send  their  axunes  down- 
ward thiongli  the  pyramiits  of  the  medulla,  where  a  partial  decus- 
sation takes  phice,  the  majority  of  the  axfjnes  frotn  one  pyramid 
crossir^  into  the  opposite  lateral  p\Tamidal  tract  of  the  cord  (Fig. 
32^  Pj/),and  the  remainder  passing  directly  into  the  anterior  median 
oelumn.  (Fig.  32.  AM,)  A^  these  axoiies  pass  downward  they  ter- 
minate at  varioiLS  levels  in  the  anterior  gray  liorns  of  the  spinal  cord, 
their  termioations  taking  the  form  of  fine  brush-like  expansions  which 
surround  the  motor  neurones  of  the  cord  (see  page  23),  each  filament 
coming  into  contact  mih  the  protoplasmic  processes  (dendrites)  of 
those  neurones,  but  not  being  continuous  with  those  dendrites.  As 
these  motor  axnnes  pass  downward  to  their  termination  they  give 
off  small  fine  branches  (collaterals)  at  right  angles  to  their  course, 
and  these  collaterals  terminate  in  the  same  manner  in  brashes  around 
the  motor  neurones  of  the  cord.  Thus  a  voluntary  impulse  starting 
from  a  motor  neurone  of  the  brain  may  reach  several  motor  neurones 
of  the  cord.  As  the  motor  tract  passes  downw^ard  througli  the  cord 
it  becomes  smaller  and  smaller,  but  few  fibres  remaining  in  the 
anterior  median  column  below  the  dorsa!  region,  while  some  fibres 
of  the  lateral  pyramidal  tract  extend  to  the  very  last  segment  of  the 
cord. 

This  motor  tract  is  much  more  highly  developed  in  those  animals 
which  make  use  of  the  digits  of  their  extremities.  Thus  in  elephants 
the  pyramidal  tract  is  small,  while  in  man  it  is  most  highly 
develoi>ed  and  large.  Hence,  it  is  evident  that  this  tract  transmits 
those  voluntary  impulses  which  are  concernetl  in  the  finely  adjusted 
movements  of  volition 

Each  axotie  in  tlus  tract,  being  a  process  of  a  motor  neurone  of 
the  cerebral  cortex,  is  flejiendent  up<jn  that  neurone  for  its  nutrition. 
If  the  cortical  neurones  are  destroyed  or  if  the  axone  is  separated 
at  any  point  in  its  course  from  its  neurone,  it  degenerates  to  its 
terminal  brush  Hence  a  degeneration  of  the  motor  tracts  of  the 
cord  may  be  due  to  disease  in  the  brain ^  as  in  hemiplegia,  or  may 
be  due  to  any  transverse  lesion  of  the  cord  which  separates  the 
axones  from  their  neiyones.  The  following  figiu-es  (33  to  36)  of  speci- 
mens demonstrate  descending  degenerat  on  of  the  motor  tracts  in 
the  cord.  Figs.  33  and  34  show  descending  degeneration  consequent 
upon  hemiplegia  of  slight  and  of  sev-ert*  type,  the  anterior  median 
column  on  the  side  of  the  brain  lesion  and  the  lateral  p>Taniidal  tract 
upon  the  other  side  being  degenerated.  Figs  35  and  36  show  de- 
scending degeneration  in  both  lateral  pyramidal  and  anterior  median 
columns  consequent  upon  a  transverse  myelitis  located  at  some  dis- 
tance above  the  level  from  wiiich  the  section  is  taken. 

Paralysis  of  the  cortico-spinal  type,  which  is  always  due  to  a 
disease  in  this  first  element  of  the  motor  mechanism^  has  the  following 
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characteristics:  The  muscles  paralyzed  are  partially  and  not  abso- 
lut^^ly  paralyzed.  All  the  muscles  of  the  limb  affected  are  about 
equally  involved;  the  lunb  is  stiff,  it's  joints  being  moved  with  difS- 
culty  and  slowly  on  account  of  the  rigid  condition  of  the  miuscles. 
The  muscles  are  thus  in  a  state  of  sUght  tonic  contraction  and  are 
hypersensitive  to  mechanical  irritation,  so  that  tapi)ing  a  muscle 
produces  a  quick  contraction,  and  tap(>ing  its  tendon  causes  a  prompt 
response.  The  muscles  show  no  tendency  to  atrophy,  though  from 
disuse  they  may  gjadually  becomr*  somewhat  thin.  Tliey  are  never 
flabby:  their  nutrition  is  good;  there  is  no  change  in  their  electric 
excitability.  In  tlus  form  of  paralysis  the  circulation  of  the  limb  is 
sometimes  impaired.  There  is  slight  blueness  and  coldness  in  the 
extremity  and  a  tendency  to  a^dema.  Sensory  diaturl:>ances  do  not 
necessarily  attend  this  form  of  paralysis,  and,  if  they  are  present, 
are  an  indication  of  disease  elsewhere  than  in  the  motor  tract. 

This  type  of  paralysis  is  seen  after  all  forms  of  cerebral  disease, 
and  then  usually  affects  the  arm  and  leg  upon  one  side  (hemiplegia). 
It  is  also  seen  in  both  lower  limbs  after  a  transverse  lesion  of  the 
cordp  such  as  may  be  produced  by  Pott's  disease,  by  transverse 
myelitis,  by  softening  from  thrombosis,  by  hemorrhage,  or  by  tumors 
of  the  spinal  cord.  If  this  transverse  lesion  is  in  the  cervical  region, 
the  arms  are  also  involved.  It  is  also  seen  in  primary  lateral  scle- 
rosis and  in  syphilitic  paraplegia,  in  which  concUtions  it  is  limited  to 
the  legs. 

The  second  or  spinomuscular  tyi>e  of  paralysis  has  an  entirely 
different  set  of  characteristics.  The  muscles  affected  are  usually 
entirely  paralyzed  at  the  outset,  and  if  they  recover  at  all,  recover 
slowly  and  imperfectly.  WMle  all  the  muscles  of  the  limb  may  l>e 
affected,  as  a  rule  they  are  not;  a  few  muscles  here  and  there  upon 
the  limb  being  greatly  paralyzed,  while  others  retain  their  power; 
or  if  all  the  muscles  are  paralyzed  at  first,  some  will  recover  to  a 
greater  extent  than  others.  The  limb  is  never  stiff,  lint  hangs  help- 
less, j'ielding  to  the  force  of  gravitation,  its  joints  being  relaxed  and 
the  articular  surfaces  no  longer  being  held  in  close  approximation  by 
the  tonic  contraction  of  the  muscles;  hence  these  joints  are  all  more 
freely  movable  than  in  health.  The  muscles  are  relaxed  and  flabby. 
They  do  not  respond  to  mechanical  irritation  I>y  tajiping  with  a 
hammer,  and  tapping  their  tendons  does  not  cause  contraction;  the 
so-called  tendon  reflex  is  lost.  The  muscles  atrophy  very  soon  after 
they  are  first  affected,  and  this  atrophy  may  go  on  rapidly  until  but 
little  of  the  muscle  is  left.  There  is  an  early  appearance  of  the  reac- 
tion of  degeneration  in  the  muscle;  that  is,  it  no  longer  responds 
when  either  faradic  or  galvanic  excitation  is  passed  through  ita  nerve, 
and  it  no  longer  responds  when  faradism  is  applied  directly  ti»  it. 
The  circulation  in  the  limb  is  always  impaired  in  this  form  of  par- 
alysis. The  vessels  are  relaxed,  the  blood  pressure  is  decreased,  there 
ia  a  slow  capillary  circulation,  the  lunb  is  blue  and  cold,  and  all  the 
chemical  processes  seem  to  be  delayed;  hence  the  surface  tempera- 


The  Cervical  and  Sacral  Enlargements  of  the  Spinal  Cord  in 
Cross-section— showing  the  various  neurones  in  the  gray  niatier» 
the  direction  of  their  axones,  and  the  varieties  of  fibres  in  the 
different  columns  of  the  cord.  Blue,  motor-;  red,  sensory-; 
purple,  association-  neurones  and  axones. 

L  Ant  median  column  II.  Autero-lateral  cohnuii.  Ill  (^awcrs*  Hutero-laleriil  ascending  column > 
IV  Marginal  colufim  V,  Mtcrat  pyramidal  cohinin,  VI.  Direct  cerebellar  column  VII.  U«aauer*a 
tract.  V^ltt  E«t.  portion  of  column  of  nurdach.  IX.  Kuot  itune  of  the  cohimn  of  Burdach.  X. 
tieK«nidtng  com  ma  shaped  bundle  of  ^chuUce.  Xt.  Poat.  conimtssnral  tract  Xir  Coluinn  of  (*utl 
XIII    Septo-marFinol  tract. 
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ture  is  much  colder  than  in  the  first  type  of  paralysis.  Soon  after 
tJie  onset  the  limb  is  likely  to  be  covered  with  clammy  penspi ration, 
and  later  on,  when  this  is  no  longer  present,  it  is  very  difficult  to 
heat  it  up  to  the  temj»erature  of  the  other  side.  Sensory  disturb- 
ances do  not  eecessariiy  attend  this  form  of  paralysis. 

This  tj^e  of  paralysis  is  due  to  a  lesion  of  motor  cells  in  tlie  anterior 
gray  horns  of  the  cord  (Fig.  32,  m)  or  to  an  aflfection  of  the  nerve 
trunks  containing  the  axones  of  these  motor  neurones.  It  occurs  in 
infantile  spinal  paralysis  or  anterior  pnliomyelitis,  acute  or  chronic; 
in  amyotrophic  lateral  sclerosis;  in  layelitis,  either  localized  in  a  few 
segments  or  extensive  throughout  the  cord;  in  syringomyelia  when 
the  lesion  invades  the  anterior  horns;  in  tumors  and  hemorrhages 
within  the  cord;  and  in  softening  of  the  cord  due  to  embolism  or 
thrombosis.    This  type  is  also  present  in  neuritis. 

The  reason  for  these  characteristics  of  this  second  type  of  paralysis 
^nll  be  better  understood  if  the  anatomical  structure  of  the  second 
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part  of  the  motor  tract  is  considered.  The  motor  neurones  of  the 
cord,  as  already  stated,  lie  in  the  anterior  part  of  the  gray  matter. 
These  motor  neurones  are  nnt  scattcn^d  irregularly  tliroogh  its;  gray 
matter,  but  are  collected  into  groups,  the  larger  numK»er  of  groups 
lying  in  the  cervical  and  lumbar  enlargements.    The  number  of  these 
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jt^rnuijs  varies  greatly  in  ilifferent  segiiieiits  of  the  eunl,  a^  is  ?^hi>\\ii 
in  Figs.  37  to  39,  and  the  gj'oiips  have  a  vamng  extent  'tjiigitudiu- 
ally,  sti  that  while  some  groups  are  limited  to  a  single  segment,  otliers 
extend  tlnoiigh  several  segments.  Ivu'h  gronp  nf  neurones  eontrols 
a  single  nmsele  or  grou[>  nf  imiselps  whieh  act  sinudtaneously  and  in 
harmony.  The  fundam(*tital  niovenumts  of  flexion  and  extension  of 
the  larger  muscles  of  the  tinibs  are  represented  in  the  large  groups 
of  (lie  median,  anterif^r,  and  lateral  jjarts  of  the  anterior  liorn.  Tlie 
accessory  movemtMits  of  the  fingers  and  toes  whieli  are  jjiTuliar  to 
monkeys  aiul  to  man  ai'e  represented  in  the  smaller  groui)s  lying 

Flii.  88. 
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nrarer  the  central  jjortion  of  the  gray  rnatt-er.  In  Figs,  40  to  41 
groujjs  of  cells  at  differetit  levels  of  t!ie  eord  are  shown  imd  it 
will  he  seen  that  tliey  differ  in  their  situation  and  extent  at  dilTerent 
levels.  A  careful  study  of  c(jm|>arative  anatomy  and  of  i\w  lesions 
oecurring  in  anterior  jjoliomyelitis,  in  whicli  diseikse  single  groups  of 
et*!!s  are  alTected,  hius  enabled  us  to  determine  the  exact  level  in  the 
cord  (if  the  various  groups  of  v<Ah  re|>resenting  the  various  nmseles 
of  th(^  hody.  These  an^  shown  in  Table  L,  which  gives  each  segment 
of  the  cer\acal,  lumbar,  and  saeral  regions,  with  a  list  of  tlie  muscles 
rej)resented  in  each  segment.  It  will  be  noticed  that  some  muscles 
are  ref»r4^sented  in  two  or  even  three  segnjents,  while  other  muscles 
are  repn^senteil  in  but  nne.  It  is  evident,  therefore,  that  if  the  lesion 
in  the  eord  is  limitcil  to  one  segment,  it  will  |>aralyze  completely  two 
or  three  muscles  which  are  represented  Ijy  motor  neurones  in  that 
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segment  only,  and  it  vnW  paralyze  partially  other  muscles  which  are 
represented  not  only  in  that  segment,  but  also  in  adjacent  segments. 
Hence  the  apparent  irregular  distribution  and  degree  of  the  paralysis 
in  various  muscles  upon  the  limb  in  cases  of  infantile  paraljrsis. 

Table  I. — Showing  the  Muscles  Represented  in  Or  mips  of  OelU  in  the  Various 
Segments  of  the  Spinal  Cord, 


II..  m. 

rv. 

V. 

VI.             vn. 

vin.             L 

Cenrical. 

Cenrical. 

Cervical. 

Cervical.     \     Cervical. 

Cervical.          Dorsal. 

Diaphraem. 

Diaphragm. 

1 

Stemo- 

Lev.ang.8cap. 

1 

mutoid. 

Rhomboid. 

Rhomboid. 

1 

Tnpedut. 
Scatonns. 

,SQpra>  and 

Supra-  and 

infraspin. 

infraspin. 

.Deltoid. 

Deltoid. 

Sopin.  long. 

Supln.  long. 

-^.                   1 

Biceps. 

Bicepe. 

Bleeps.           ' 

ISupin.  brev. 

iSerratusmag 

Serratas  mag. 

:Pect.(clav.). 

PecU  (clav.). 

Teres  minor. 

Pronaton.       Pronators. 
Triceps.           Triceps. 
Brach.  ant.     i  Brach.  ant. 
Long  exten-  i.Long  exten- 
sors of  wrist.;  sors  of  wrist 
1  and  fingers. 
IPect.  (costal) 
Latls.doisl. 

j 

Teres  major. 

Long  flexors 

Long  flexors 

of  wrist  and , 

i 

of  wrist  and 

fingers.         ; 

fingers. 

1 

Extensor  of   i  Extensor  ot 
thumb.         1  thumb. 

Intrinsic         Intrinsic 
muscles  of      muscles  oi 
hands.          i  hands. 

I.  Lumbi 

ir. 
b. 

II.  Lumbar.       ' 

III.  Lumbar.      '      IV.  Lumbar.             V.  Lumbar. 

Quadr.  lam 

1 

ObUqui. 

1 

Timnsrenalis. 

PBoas. 

1    Psoas. 

Iliaciu. 

Iliacos. 
Sartorius. 

Quad.  est.  cruris.     Quad.  ext.  cruris. 

Obturator.            ;    Obturator. 

Adductores.          1    Adductore«i. 

1    Glutei. 

Glutei. 

Biceps  femoris. 
Semi-tend. 

1 

Popliteus. 

1.  Sacral 

II.  Sacral, 
jr. 

III.  Sacral. 

IV.  and  v.  Sacral. 

Bicem  feni< 
Semfmemb 

Ext.  long.  dig. 

Qastroc. 

Gastroc. 

TlbUllspoRt.     ,    Tlbialia  poet. 

;    Tibialis  amicus. 

Peronei. 

Peronei. 

Intrinsic  muscles  of  fo( 

ot.      Intrinsic  muscles  ot  foot. 

Sphincter  ani  et  vesicae. 

Perineal  mm-cles. 

Certain  special  forms  of  the  second  type  of  paralysis  are  quite 
commonly  recognized.    Thas  we  have  in  anterior  poliomyelitis  the 
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upppr-arm  type  of  jjaralysis,  in  wliic'li  tlie  deltoid,  l>icep,s,  supinator 
loiigus,  and  niLisL-lfs  alHiut  tlie  shovildri-ldiuh:  are  affft.*ted  together, 
the  ma^eles  moving  the  wrist  and  fingers  esea])ing.  Reference  to  the 
table  will  show  t!iat  this  form  is  due  to  a  lesion  in  the  upper  part 
of  the  cervical  enlargement.  We  also  have  a  lower-arm  type  of 
paralysis,  in  which  the  muscles  ^vhich  move  the  fingers  and  WTist  are 
alone  invaded,  the  supinator  longus,  which  lies  among  them,  escaping 
entirely.  Reference  to  the  table  will  show  that  this  is  due  to  a  lesion 
of  the  lower  cervical  enlargement.    Tlie  same  distinction  can  be  made 


Fia.  39. 


TiiG  groups  of  celB  hi  tlie  third  lumbar  Mgineut  of  Uietpitjiil  oonl. 


in  paralysis  of  the  leg,  there  being  a  thigh  type,  a  leg  type,  and  a 
foot  type,  according  as  the  lesion  is  in  the  upjier  lumbar,  midlumbar, 
and  sacral  segments.  By  reference  to  the  table,  therefore^  it  will  be 
possible  in  any  case  of  paralysis  of  the  second  tj-pe  to  arrive  at  a 
localization  of  the  lesion  or  at  an  estimate  of  its  extent  in  the  cord 
when  the  muscles  paralyzed  are  exactly  determined.  The  electrical 
examination  will  assist  in  this  determiftation,  inasmuch  as  the  mus- 
cles whose  groups  of  cells  are  destroyed  will  have  lost  their  faradic 
excital>ility,  while  the  muscles  whose  groups  of  cells  are  intact  will 
show  no  change  in  electrical  reactions. 
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That  the  motor  neurones  of  the  cord  have  a  distinct  influence  upon 
the  nutrition  of  the  muscle  and  ajjon  the  circulation  in  it,  is  shown 
by  the  rapid  atrophy  and  the  vasomotor  distiu-bances  in  the  muscle 
which  also  attend  this  type  of  paralysis,  and  to  which  allusion  has 
already  been  made. 

It  has  already  Ijeen  stated  that  this  type  of  paralysis  may  be  due 
to  a  lesion  in  the  axones  arising  from  the  motor  neurones  of  the  cord. 


Fig.  40. 
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Colutiitii  of  gtmy  mutter  anrt  raotor  nuclei  of  the  cenrieal  etiI&rB«nioat.  rohimna  medtalli— 1,  a. 
ftliiOtt  roUton  of  bead ;  M.  Aubhyoid  muscla ;  b,  c,  d,  e,/,  exteowrs  atid  rotatorts  of  the  vertebrAl 
coltimn.  2,  nucl«n»  dlAphragmaiiB  (Ibe  aeries  of  iympathetlc  nuclei  compoacd  of  imall  cella  bare 
not  be«n  drawn  in] ;  they  are  Rituated  bebind  the  columna  mcdfalif  near  the  eolamna  canalii  cen- 
tralU.  Colurona  iiiLemiedio-lAtcraUs— §.  a,  aceessoriu«  M.  trapezius  and  M.  »teniocaeldomaatoid- 
etia;  6,  r.  plexus  cerrlcalis;  3fm,  irapesftui  stemocleldomastotdeua ;  <t,  r^  middle  portioti  of  M. 
timpe^lufl ;  /,  inferior  part  of  M.  trapezios;  e,  beginning  of  the  nucleuB  for  the  M.  latisslmus  dorsi. 
OolQiDfia  eztreml latin  enperlorfft— 3.  Mm.  pectoralea ;  4.  b,  M.  levator  scaputi? ;  c,  M.  sermtoa 
mmjor;  Q,  muaclea  of  the  iiboulder ;  7.  r,  M.  biceps ;  lower  doivn  nipinator^  and  extensora  of  the 
flngen :  betweeo  d  and  e,  tlexora  and  pronators ;  e,  thenar  and  bypotbenar  muRcia ;  /,  bypo- 
thenar  muiolei ;  b.  d.  M.  tricepi  brachil ;  f,  anconeus.  (Atter  F.  Sano.  Lea  locallxatlonB  dei 
foticUona  motrloei  de  la  tnoelle  C'pinlAre,  ADveTV,  Belgiqne,  18^,  p.  32.) 

It  is  to  be  remembered,  however,  that  after  their  exit  from  the  cord 
these  axones  are  divided  up  into  nerves,  being  distributed  in  various 
directions  through  the  brachial  and  lumbar  and  sacral  plexuses.  A 
differential  diagnosis  can  alwa>^  he  mafle  between  lesions  of  the  spinal 
cord  and  lesions  of  the  nerve  trunks  liy  the  distribution  of  the  par- 
alysis; for  the  muscles  which  are  paralyzed  together  from  a  lesion  of 
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a  single  nerve  are  differc^nt  fr<iiii  the  timsf  les  paralyzed  tc^gether  from 
a  lesioo  of  the  s]>inal  <'«>rd.  Thus  the  deltnid  is  ofteo  |>aralyzed  from 
a  If^sion  of  the  cirTunillex  nerve  alone,  but  is  never  jjaraiyzed  alone 
from  a  lesiun  of  tlie  curd.  Thus  the  extensor>^  of  the  wrist,  together 
with  the  supinator  loiigits,  are  paralyzed  in  lesions  of  the  nmsculo- 
spinil  nerve;  hut, as  already  state* I,  these  museles  are  never  paralyzed 
together  in  small  lesions  of  the  sfunal  eorfl,  thc^r  groups  of  cells  Ij^ng 
far  apart.     And  what  is  true  nf  tlie  nerves  of  the  bracliial  plexus  is 


Fig.  41. 
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Columas  of  gray  matter  and  mrvtftr  nuclei  of  the  kumibftr  enlargement,  eolnmnft  iiie<llalii— 1. 
ff,  h,  i,  esTtensor  and  rotator  mijRcle«  of  the  spine  ;  i,  t,  miisciilUR  ischiococcygeus  and  M.  levator 
an! ;  2.  k,  in  front  M.  Apbincter  ve»icalia  :  b^'hlnd  M,  M.  upblncter  ant ;  the  sympathetic  nuclei  are 
not  figUR»d  for  the  vlsceml  muscles,  Columiia  i  ii  termed  io- late  rails— 8.  g,  abdominal  muscles ;  A, 
M.  crema>ier-  j,  k,  muscle* of  the  perineum,  Colummi  extreaiitatts  Inferlorls— 2.  i,  M.  pymmia- 
atM;  «.  A.  M,  lllu-psoftu:  I,  Mm.  glutei ;  J,  Mm,  ijemelM,  M,  pyriformlsr  -1.  M.  qiiadrieeps  femoris; 
&.  M.  p(K;toneuii,  Mm.  adductoref :  G,  i,  flexors  of  the  knee:  lower  down  M.  popateus,  M.  tricep« 
iune.jf;  7.  A»  M.  tibialis  anticus:  i,  extensor  muscled  of  Ihe  toes.  Mm.  jieronei ;  lower  down  M. 
dblalia  ixiatlcuB ;  flexors  of  the  toes  ;  j,  k,  intrluAic  muscles  of  the  frwit.  (After  F.  Sano,  U-s  locali- 
utiousilea  fonctloiui  motdcsM  de  la  moelle  dpint^rc,  Anvers,  Belglque,  1896.  p.  33.) 


also  true  of  tlie  nerves  going  to  the  lower  exlreniity.  Hence,  while 
the  eharaeteri^^ties  of  paralysis  in  lesions  tjf  the  spinal  cord  and  of 
the  motor  neive  trunks  are  the  same,  tlie  assoeiation  of  paralyzed 
muscles  %vith  one  another  in  the  two  conditions  (.liffers.  A  further 
point  of  diflfereiitiation  is  also  found  in  tlie  distribution  of  anaesthesia 
oc*ciirring  with  lesions  of  the  nerve  trunks,  aiuesthesia  being  fre- 
quentty  |*resent  in  lesit)ns  of  the  nerve  trunks  and  not  necessarily 
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present  in  k^isions  uf  the  iTuitur  iieiiniiies  ul  tlie  I'unl.  Fui'tlienuort*, 
wlien  it  is  prestent  from  a  lesion  of  the  conl,  as  will  be  shown  later, 
the  ilistribution  of  the  aruesthesia  in  the  skin  differs  entirely  fruni 
the  ilislribiition  of  anaesthesia  after  a  lesion  of  the  nerve. 

It  is  thus  possilile,  from  a  study  of  j^iralysis  anti  of  its  essential 
eharneteristics  and  distribution  in  any  ease,  to  reaeh  a  diai^nosis  ami 
a  ktealizatityn  of  the  lesion  and  to  differentiate  betw**en  lesions  of  the 
motor  traets  of  the  r<>ril  *ir  of  tite  Tn<iT<vr  nennmes  of  the  eord  f>r  c»f 
the  nerve  tmnks. 

There  are  easels,  however,  of  general  disease  of  the  eord,  such  as 
a  general  myelitis,  invoK-in^  both  the  %vhite  traets  and  the  gray 
matter,  in  whieb  a  third  type  t\i  paralysis  is  oliservetL  This  presents 
Home  of  the  ehanieteristies  i>f  lioth  \\w  former  types,  and,  were  the 
diagnosis  to  rest  upon  the  examination  of  the  paralysis  alone  it 
might  present  eertain  diffieulties.  Fortunately,  there  are  other 
symptoms  always  present  to  guide  us  in  the  diagnosis:  for  in  a  ge?ieral 
intlannnation  of  the  cord  tht^  eliangt^s  in  reflex  action  and  in  the 
etuitrol  i\{  the  liktilder  and  rectum,  and  the  tendency  to  very  severe 
trophic  distorlianees,  are  so  nuirked  its  to  leave  nfi  iloulit  regarding 
the  actual  condition.  In  this  third  type  of  spinal  paralysis  the 
jmralysis  rese ml jles  more  eltisely  the  seetjnd  type  than  it  fl<>es  the 
first,  there  being  the  same  total  |>aralysis,  the  same  iUrophy,  and  the 
same  reaction  of  degeneratinn  in  \\w  jjaralyzeil  muscles:  hut  the 
distribution  of  the  jniralysis  is  more  extensive^is,  in  fact,  frequently 
total  in  both  legs  and  almost  eom|)lete  in  both  arms,  and,  although 
there  is  n<»  rigidity  of  tlu^  liml>s,  there  is  sometimes  an  increase*  in 
the  reflex  activity  and  in  the  meclianical  excitability  f»f  the  muscles 
in  the  early  stage  though  later  tliey  are  lost.  This  is  t>articularly 
noticed  in  the  disease  aniyotro)jhie  lateral  sclerosis  in  which  both  the 
latiTal  tractj^  and  the  anterior  horns  are  sitnoltanecMisly  ijrtigressively 
destroyed.  In  this  disease  the  HrsI  ty|)e  of  jiaralysis  is  jjrest^nt  in 
the  legs  for  several  months,  and  the  secontl  type  is  (^resent  in  the 
arms,  associated  with  an  increased  mechanical  excitability  of  the 
muscles,  but  finally  this  is  lost,  and  the  arms  pr<»sent  the  typical 
second  t\j>e,  which  gradually  and  Knally  extends  also  to  the  legs. 

In  cases  of  injury  of  the  s]»inal  ct^rd  by  fractures  and  dislocatit)iL<^ 
of  the  vertf^bne,  the  spina!  conl  may  be  seriously  bruised  or  it  may 
be  absolutely  disintegrated.  The  symptoms  of  paralysis  appear  to 
differ  somewhat  in  these  two  c<>nditinns,  ris  has  been  shown  by 
Thorburn'  and  by  Kocher.'^  When  tlie  sjnnal  cord  is  injured,  hut  not 
destniyed.  there  is  ttital  jTaralysis  Itelow  the  level  tjf  the  injury t  with 
a  condiition  of  rigidity  of  the  limbs  and  an  increase  of  tenckin  reflexes. 
There  is  also  a  loss  of  contn»t  of  the  bladder,  which  may  take  the 
form  either  of  ret'Cntion  of  urine  or  of  t^pontaneous  evacuation  of  the 


*   A  CkjntribtJtion  to  tli»*  SurK^ry  of  the  Spiiml  rnrd,  eiiilHdl(.'lphia,  ISlKi. 

'  "Die  Verletzungen  dvr  Wirbt-ijiiiiile,  xugk'icli  ala  Bcitrag  lur  Physiologie  dea  Mensdi- 
iichcti  RQckeomarke^,'*  M^ittheilutigen  atis  den  Grcttj^biet«u  der  Medizin  und  Chirurgie, 
Jena,  l^-Je.  vol.  i.  p.  401-460. 
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bladder.  There  it?  likely  to  l>c  some  distention  of  the  abdomen  by 
gas,  due  to  a  paralysis  of  the  intestinal  wall. 

When  the  spinal  cord  is  absolutely  divided  or  destroyed  at  any 
level,  there  is  total  jyaralysis  below  tlii.s  level,  the  limbs  being  eom- 
pletely  relaxed  and  not  in  a  state  of  rigidity.  The  paralysis  is  sym- 
metrical upon  the  two  sides.  The  tendon  reflexes  are  absolutely 
lost.  There  is  always  a  retention  of  urim^,  which  has  to  be  relieved 
liy  catheter;  there  is  tympanites  with  distent  if  >n  of  the  abdomen; 
there  is  a  paralysis  of  the  vasoconstrictors  leading  to  a  dilatation 
of  the  subcutaneous  veins,  and  consequently  to  an  increased  tem- 
perature^ and  to  pria]>ism.  There  is  an  increase  in  the  genital  refiex, 
obtained  by  pinching  the  testicle.  There  is  a  loss  of  sensibility  to 
pain  and  temperature,  and  usually  to  touch  also,  at  a  definite  level 
of  the  surface,  as  shown  in  Plate  XIIL  In  any  case  in  which  these 
characteristics  are  alisent  after  an  injury  of  the  spine,  it  is  certain 
that  the  cord  has  not  been  completely  destroyed  at  the  level  of  the 
lesion. 

Spasmodic  contractiotii  of  the  muscleft  of  an  involuntary  kind  are 
associated  \^  it!i  i>aral)^is  in  main-  forms  of  spinal-cord  disease.  Like 
the  paralysis,  they  can  be  di\dded  into  two  categories.  When  the 
condition  present  is  spastic  paralysis  and  the  muscles  are  rigid  and 
reflexes  exaggerated,  ])atients  often  notice  a  spontaneous  trembling 
of  the  entire  liml>,  due  to  alternate  contraction  of  the  two  sets  of 
opposing  muscles.  Th^s  is  usually  attended  by  an  extensor  spasm, 
so  that  the  legs  are  stiffened  and  shake  more  or  less  violently.  The 
condition  is  occasionally  so  extreme  as  to  warrant  the  term  '*  spinal 
epilejisy/'  first  applied  to  it  by  Brown-8<5quard,  altliough  this  term  is 
niislt'uding  and  should  be  discarded.  This  symptom  is  seen  in  lateral 
sclerosis  from  any  cause,  and  is  indicative  of  a  lesion  in  the  lateral 
columns  of  the  cord.  Wien  it  is  present  the  lesion  does  not  involve 
the  spinonmscular  element  of  tlie  motor  tract. 

FibriHary  twitchings  of  the  muscles  are  much  less  painful  than 
spasm  of  the  entire  muscle,  t>ut  give  considerable  discomfort.  Such 
fibrillar}^  twitchings  are  i>resent  in  diseases  of  the  anterior  horns  of 
the  cord,  especially  in  chronic  anterior  poliomyelitis  and  in  syringo- 
myelia. Individual  til jres  of  the  muscle  alternately  contract,  pro- 
ducing a  little  wave-like  movement  which  goes  on  in  the  muscle 
itself.  Tills  does  not  involve  a  sufficient  number  of  the  muscle  fibres 
to  produce  any  contraction  of  the  muscle  as  a  whole.  Such  fibrillary 
twitchings  can  be  elicited  by  percussion  of  the  muscle  or  by  exposiu'e 
of  the  limli  to  cold.  They  always  indicate  a  disease  in  the  motor 
cells  controlling  the  muscle,  as  they  are  al)sent  in  all  forms  of  mus- 
cular dystrophy  in  wliich  the  disease  is  exclusively  a  muscular  affec- 
tion; hence  su<*h  fibrillary  twitchings  are  always  associated  with  the 
second  type  of  i>anilysis.  They  occasionally  accompany  the  third 
type  of  pariilysis,  in  \N'hich  the  motor  cells  are  also  affected. 

Blsturb&nca  of  reflex  action  is  a  sj^iptom  of  great  importance  in 
spinal-cord  diseases,  the  increase  in  reflex  acti\dty  or  the  suspension 
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of  reflex  acti%ity  being  both  of  great  significance.  The  ditigram 
(Fig,  32)  shows  tlie  anatomical  ba^is  of  a  simple  reflex  act.  What- 
ever theory  may  l>e  held  with  regard  to  tlie  exact  nature  of  the 
tendon  reflexes,  whether  they  are  due  to  pure  mechanical  irritation 
of  the  fibres  of  the  muscle,  whose  tone  is  maintained  by  spinal  im- 
pulses,  or  whether  they  are  due  to  a  traiii^iiiission  of  impulses  through 
the  spinal  cord^  the  facts  here  stated  hold  true. 

A  reflex  act  is  the  immediate  result  of  a  sensory  impression  received 
in  the  spinal  cord,  and  it  takes  place  without  necessarily  producing 
any  conscious  perception  and  without  any  voluntary  guidance.  The 
sensory  nerve  enters  the  spinal  cord  through  the  posterior  nerve  root 
and  divides  into  two  parts,  which  separate  in  a  Y-sliaped  division, 
one  branch  passing  upward  and  the  other  downward  in  the  root  zone 
or  column  of  Burdaeh  (see  Fig.  32,  B),  As  these  branches  pass^up 
and  down  they  give  off  at  right  angles  to  their  course  small  twigs 
(collaterals),  and  these  collaterals,  as  well  as  the  terminal  filaments 
of  the  branches,  terminate  in  brush-like  expansions  in  the  gi^ay  mat- 
ter of  the  cord  at  various  levels.  Thus  a  sensory  impulse  entering 
in  a  posterior  nerve  is  distributed  i^  a  considerable  extent  of  the 
gray  matter  of  the  cord.  Some  of  the  terminal  filaments  pass  for- 
ward to  end  about  the  motor  neuront»s  of  the  anterior  horn  of  the 
same  side  upon  which  they  enter;  others  pass  for%vard  and  cross 
through  the  posterior  commissure  to  tenninate  about  the  motor 
neurones  in  the  anterior  horn  of  the  opposite  side;  these  subserve 
reflex  motiir  acts.  Others  terminate  aliout  the  large  cells  in  the 
median  gray  matter,  which  are  the  intrinsic  or  association  cells  of 
the  cord,  and  transmit  the  imjnilses  to  other  levels  where  they  reach 
other  motor  cells  (Fig.  32,  a):  others  end  about  cells  whose  function 
18  to  control  vasomotor  and  tropliic  reflex  acts.  Thus  a  single  sen- 
sory* impulse  entering  the  cord  may  l>e  mdely  distributed  and  awaken 
many  reflex  acts.  Impulses  entering  the  cord  through  the  sensory 
ner\^e,  and  thus  reaching  various  riipchanisiiis  of  the  cord,  set  up  an 
acti\ity  in  the  various  cells  presiding  over  the.se  mechanisms,  and 
hence  motor  imj^ulses  pass  i>utward  to  the  muscles  or  to  the  \ascera 
and  result  in  their  contraction,  and  hence  in  motion.  The  number 
of  these  reflex  acts  constantly  going  on  in  the  body  is  enormous.  In 
fact,  in  many  of  the  lower  animals  the  spinal  cord  is  so  much  more 
developed  than  the  brain,  that  it  is  e\ident  that  almost  the  entire 
ner\"ous  mechanism  acts  without  conscious  perception  or  voluntary 
oontrol.  The  whole  regulation  of  nutrition,  of  circulation,  of  digas- 
tion,  of  reproduction,  and  of  excretion  is  regulated  by  the  spinal 
cord  independently  of  the  brain.  This  is  proven  l>y  the  fact  that  in 
man,  when  consciousness  is  suspended  in  sleep,  in  coma,  or  by  exten- 
sive injuries  of  the  brain  cortex,  as  in  paresis  and  senile  dementia, 
these  vegetative  fimctions  go  on  in  a  normal  manner.  And  it  is  well 
kno^^Ti  that  infants  born  with  defective  brains,  or  with  almost  no 
brain  at  alb  may  live  for  several  months. 

While  the  niajf»rity  of  these  reflex  acts  are  known  to  have  mechan- 
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isnif^  ill  the  eonl,  tlien^  are  only  a  few  reflexes  that  are  reeogiiized 
and  that  can  l)e  tested  in  health  and  disetise.  These  reflex  acts 
are,  first,  the  tendon  reflexes;  seeond,  tlie  skin  reflexes;  third,  the 
autoniatie  functitms  of  the  bladder  and  rectum. 

{a)  Tendon  reflexes  are  produced  by  tapping  the  tendon  of  a  mas- 
cle  near  its  iasertion  and  thus  prorluciiig  a  sudden  eontraetion  of  the 
muscle.  Thus  the  tendfuis  about  the  wrist  rind  elbow,  the  |>atella 
tendon  ni  tlie  knee,  and  the  Achilles  tendon  at  the  ankle  can  \ye 
excited  in  a  state  of  health.  We  now  know  the  exact  level  in  the 
spinal  cord  that  contains  the  reflex  mechanism  necessary  to  the 
existence  of  these  various  reflex  acts.  In  Table  11.  the  various 
spinal  nniscular  reflexes  are  given,  tin*  method  of  producing  the 
reflex^  and  tlie  teve!  of  the  segment  controlling  each. 

Table  W.—Lomlhation  of  Mtwcu/ar  Heffej;  AcU  in  the  Spinal  Cbrd, 


Reflex  acts. 
PupillftTV  reflex  through  the  aytupatkelit? :   Di- 
latation of  the  piifiil  prcKiuced  by  irritation 

ot  the  neck. 
Scapular  reflex:  Irrittttion   of  the  skin   over 

the    scapula    profiuces    coDtraction    of   the 

.scapular  miij^eh-is. 
Biceps   and   wiipirmtor  longus:  Tapping  tbeir 

tendons  produces  flexion  of  tlie  forearm. 
Triceps  reflex:  Tapinng  tendon  produeew  ex- 
tension of  forenriu. 
Scapulohuriieral    reflex:     Tapping    the    inner 

lower  edge  of  the  scapula  causes  adduction 

of  t  he  arm. 
TappiDfl;  extensor  tendons  at  the  wrist  caunefl 

extension  of  the  hand. 
Tapping   flexor   tendons   at  the  wrisi   causes 

flexion  of  the  hiind. 
Fulmar  n»f1cjx:  Stroking  puhn  causes  chisure 

of  fingers;  finger  clonus. 
Abdominal  reflex:  Stroking  i«ide  of  ubdomen 

ca usi?s  re trac t  \ on . 
Genital  reflex:  Squeezing  tlie  testich*  causes 

contraction  of  the  abdominal  muscles. 
Patella     tendon:  Striking     tendon     at     knee 

causes  extension  of  the  leg;  '"'knee-jerk.'* 
Foot  clonus:     Extension   of  Achilles  tendott 

causes  flexion  of  the  ankle. 
Plantar  reflex:     Tickling  sole  of  foot  causes 

flexion  of  toes,  or  exteiw^ion  of  the  great  toe 

and  flexion  of  the  ol  hen*. 


Localization  in  segment. 
Fourth  cervical  to  hrwt  dorsal. 

Fifth  cervical  to  fir&t  dorsal. 

Fifth  and  sixth  eer%'icai. 
Sixth  cervical. 
Seventh  cervicaL 

Sixth  to  eighth  cervical. 
Seventh  to  eighth  cerWcal. 
Eighth  cervical  to  hrst  ilomal. 
Ninth  to  twelfth  dorsal. 
First  to  third  lumbar. 
Second  and  third  lumbar. 
First  to  third  sacral. 
First  to  third  sacral. 


In  the  |>n>cess  tjf  thseai^ie  tliese  reflex  acts  may  be  lost  or  they  may 
he  exa^p^erated. 

Losi  of  Tendon  Eeflexes.  A  hi^s  of  tlie  reflex  implies  a  lesion  in  the 
reflex  meehanism, either  in  the  sensory  nerve  which  would  necessarily 
result  io  a  eoineident  condition  of  ana*stliesia,  or  in  the  sensory  reflex 
fibres  within  the  eord,  whieh  might  gi\i>  rise  to  this  s)7nptom  alone, 
or  in  a  de^truetitm  of  tht*  motor  meehanism,  whicli  would  give  rise 
to  a  coincident  cornlition  of  paralysis.  If,  tlicrefore,  by  the  distri- 
bution of  the  aiKesthesia  or  of  the  jiaralysis  it  is  jjossible  to  exclude 
in  any  case  a  lesinn  ttf  the  nerve  trunk,  the  loss  of  reflex  nt^cessarily 
implies  a  lesion  of  the  spinal  cord.     This  lesion  will  necessarily  be 
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limitat  U\  the  segment  controlling  a  reflex  testeiL  Therefore,  in  the 
examination  of  any  ease  of  spinal  disease,  it  is  iiicuiiihent  to  tryeaeh 
of  the  retlexes  in  Uirn,  ami.  if  any  one  of  them  is  lost,  to  direct 
jKirtieular  eare  tu  tlie  exatnioalion  of  the  other  functions  of  the  seg- 
ment of  the  cord  in  which  the  let^ion  is  indicateih  The  diseases  in 
which  the  reflex  activities  are  susj:)en<iefl  are  locomotor  ataxia  from 
the  very  earliest  sta^e,  and  also  those  cases  of  general  jmresis  in 
which  there  is  an  early  eoinplieiiting  sclerosis  of  the  |u)sterior  columns 
of  the  cord;  syringomyelia,  anterior  poUoJiivehtis,  general  myelitis 
in  the  later  stiige^,  transverse  myelitis  at  the  level  of  the  lesion^  dis- 
serninate<l  sclerosis  when  the  patch  of  sclerotic  tissue  hap|K^ns  to  lie 
in  the  reHex  arc,  tumors  and  hemnrrhage  in  tlie  rord  at  tlie  site  of 
the  lesion.  It  is  evident  that  a  loss  of  tendon  reflexes  is  a  common 
aceoiniKiniment  of  the  seconil  type  of  paralysis. 

▲d  exaggeration  of  the  tendon  reflexes  is  also  frequently  tjbserved 
as  a  symptom  i>f  spinal  dist^ase.  This  implit*s  a  suspension  of  the 
inhibitory  iriipylses  coining  from  the  i>rain  in  a  state  of  health,  which 
impulses  pass  downward  thniogh  the  lateral  columns  in  the  motor 
tracts.  The  inhil>ition  heing  removed,  the  s{>inal  eon  I  reacts  more 
quickly  and  intensely  to  sensory  impulses  coming  into  it  from  with- 
out. In  tliis  condition  a  phenoTnenon  known  as  clonus  may  be 
elicited  in  almost  any  one  of  the  tendons  of  the  longer  muscles. 
Clonus  consistxS  of  a  rapidly  repeated  series  of  contractions  in  a  muscle 
set  up  by  a  sudden  overextension  of  the  tendon  of  that  muscle.  Thus 
if  the  patient^s  leg  be  allowed  to  rest  upon  the  left  hand  of  the 
examiner,  and  the  right  hanil  grasping  the  foot  presses  it  suddenly 
backward,  thus  extending  t!ie  Achilles  tendon,  if  ankle  clonus  is 
present  a  series  of  vibrations  of  the  foot  will  lie  produced^  due  to  a 
repeated  contraction  of  the  muscles  of  the  calf  of  the  leg.  A  similar 
clonus  may  be  tdicited  in  the  (juadrieeps  femoris  by  a  forcible  pressure 
downward  upon  the  patella  tendtm  when  the  limb  is  relaxed  and 
extf*mled.  A  similar  donas  may  occasionally  be  elicited  in  the  ten- 
dons of  the  elbow,  of  the  wrist,  and  of  the  fingers. 

A  sjnnptom  known  iis  Bal>inski"s  reflex  is  always  to  l>e  elicited 
when  the  tendon  reflexes  are  exaggerated,  and  is  a  pt»sitive  sign  of 
some  disease  in  the  lateral  column  of  the  cord  or  in  the  motor  tract. 
This  is  a  sudden  extension  of  the  great  t^je,  produced  by  scratching 
the  sole  of  the  foot,  due  to  a  contraction  of  the  extensor  muscle, 
which  stands  out  like  a  cord.  It  does  not  occur  in  hysteria,  in 
which  other  reflexes  may  l»e  increased:  hence  it  is  a  valuable  diag- 
nostic symptom. 

The  existence  of  clonus,  like  that  of  exaggerated  reflexes,  is  an 
indication  of  disturbance  of  function  in  the  lateral  columns  of  the 
spinal  cord,  and  is,  tlierefore,  commonly  associated  with  the  first  type 
of  spinal  paralysis.  It  Ls  also  an  early  indication  of  any  pathological 
process  which  interferes  with  the  traiLsmissioij  of  motor  impulses 
from  the  brain  to  the  cord.  Thus  in  the  early  stage  of  Pott's  disease, 
wfien  slight  pressure  is  made  upon  the  cord  or  some  disturbance  of 
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the  nutrition  of  the  cord  occurs  opptfsite  the  caries,  the  reflexes  are 
commonly  exaggerated  in  the  segments  below.  Exaggeration  of  the 
reflexes  is  present  i!i  lateral  sclerosis,  in  descending  degeneration  of 
the  lateral  columns  below  the  level  of  the  lesion,  in  sjqjhiUtic  para- 
plegia,  and  in  the  early  stage  of  acute  myelitis  when  the  pathological 
process  irritates  the  motor  neurones  before  they  are  destroyed.  It  is 
particularly  noticea!>le  in  the  arms  in  amyotrophic  lateral  sclerosis  in 
the  early  stage  of  the  disease^  but  as  the  process  advances  reflexes 
are  lost  in  the  arms,  while  they  continue  to  be  exaggerated  in  the 
legs.  An  increase  of  tendon  reflexes  is  not  infrequently  observed  in 
hysteria. 

While  it  is  true  that  a  compression  of  the  spinal  cord  of  slight  or 
intense  degree,  or  a  partial  destruction  of  the  spinal  cord  in  its  upper 
region,  always  produces  an  increase  of  the  tendon  reflexes  in  the  parts 
below  the  lesion,  it  has  been  observed  by  Miles  and  Bastian  that  in 
some  cases,  where,  by  injury  (fracture  or  dislocation  of  the  vertebrae), 
the  spioal  cord  has  been  entirely  divided  or  so  completely  crushed 
that  all  its  elements  have  lieen  destroyed,  the  tendon  reflexes  below 
the  point  of  destruction  have  been  abolished.  This  is  not  thought 
to  be  due  to  the  concussion  of  the  cord  consequent  upon  the  injury, 
as  it  may  persist  for  many  weeks.  It  has  been  ascribed  to  a  setting 
up  of  abnormal  inhibitory  impulses  from  the  point  of  destruction 
downward,  due  to  the  irritation  of  the  lesion.  Tliis,  however,  is  not 
accepted  by  Bastian,  and  no  satisfactory  explanation  of  the  condition 
can  be  offered.  In  any  case  of  localized  crush  of  the  cord  from  an 
injury  the  a!>solute  loss  of  tendon  reflexes  is  thought  to  indicate  a 
total  destruction  of  the  cord,  and  in  such  a  case  any  operation  at 
the  site  of  injmy  would  be  futile. 

(b)  The  skin  reflexes  are  not  as  well  understood  as  the  tendon 
reflexes.  \^Tien  certain  areas  of  the  skin  are  slightly  stroked  or 
tickled,  there  occurs  a  slight  movement  of  the  skin  at  a  part  not 
under  the  point  of  irritation,  but  near  to  it,  which  seems  to  be  due 
to  the  contraction  of  involuntary  muscular  fil>res  lying  under  the 
skin.  The^e  skin  reflexes  are  best  sc^n  in  animals,  especially  horses 
and  cows,  for  the  sting  of  a  fly  is  capable  of  setting  up  a  little  fib- 
rillary twitching  in  the  skin  of  their  bodies  at  almost  any  part.  The 
foUowing  table  (ML)  gives  a  Hst  of  the  skin  reflexes  found  in  man, 
the  method  of  their  production »  and  the  level  of  the  spinal  cord  that 
is  supposed  to  control  them,  tliough  it  is  not  certain  that  they  are 
under  the  control  of  a  direct  spinal  mechanism: 


Tablb  III, — Localization  of  Skin  Refiextt  in  the  Spinal  Cord, 


Befiex  acts. 
Epigastric  reflex:     Stroking     breast     c&uses 

dimpliuR  of  the  epi^astriuni. 
Cremasteno    reflex :  Strokiiig    inner    side    of 

thigh  causes  retraction  of  Bcrotum- 
Oluteal     reflex:     Strokmg     buttock     causes 

dimpling  in  the  fold. 


Localisation  in  segment. 
Seventh  to  ninth  dorsal. 

First  and  second  lumbar. 

Fourth  to  fifth  lumbar* 
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The  skin  re8exe.s  are  iLSuall}'  lost  in  those  diseases  in  which  the 
tendon  reflexes  are  exaggerated.  They  are  also  lost  in  brain  diseases, 
but  never  m  hysteria.     They  are  never  exaggerated. 

The  reflex  mechaniams  controlHng'  the  b Udder  and  rectum  are 
complex  and  are  located  in  the  fourth  and  fifth  sacral  segments  of 
ae  spinal  cord/  The  sensory  impulses  setting  up  this  mechanism 
_  [)me  from  the  mucous  membrane  of  the  liladder  or  of  the  rectum, 
and,  passing  inward  to  the  cord^  produce  two  separate  efifects:  one 
18  the  active  motor  impulse  of  contraction  in  the  muscles  which 
empty  these  organs;  the  other  is  an  inhibitory  impulse  arresting  the 
action  of  those  muscles  which  normally  exert  a  constriction  at  the 
opening  of  these  organs.  Such  evacuation  of  their  contents  by  a 
reflex  act  may  occur  without  the  knowledge  of  the  individual  or 
\^ithout  his  control  when  rhsease  cuts  off  the  lower  part  of  the  cord 
from  its  communication  with  the  brain,  as  in  a  transverse  myelitis 
of  the  doi^al  region.  We  then  have  a  condition  known  as  active 
incontinence,  in  which  the  organs  are  emptied  spontaneously  at 
intervals  in  a  normal  manner.  The  mechanism  itself,  however,  may 
be  destroyed  by  any  lesion  of  the  sacral  region  of  the  spinal  corcl 
Under  these  circumstances,  the  reflex  arc  being  broken  anil  the  motor 
cells  controlling  muscular  action  being  de^^troyed,  the  organs  are  no 
longer  evacuated  by  reflex  impulses,  and  their  evacuation  has  to 
be  attained  by  outside  aid.  In  some  iJidividuals  a  distention  of  the 
bladder  finally  overcomes  a  constrictive  action  of  the  sphincters, 
and  then  there  is  a  constant  leakage,  producing  a  passive  incontinence 
of  urine,  but  the  rectum  shows  no  tendency  to  empty  itself.  In 
some  indi\nduaLs  the  constrictive  action  of  the  sphinctei-s  seems  to 
be  unusually  strong,  and  occasionally  a  distention  wdll  lead  to  a  rup- 
ture of  the  bladder  rather  than  to  its  evacuation  by  water  pressure. 
_Sometimes  there  is  a  permanent  weakness  of  the  sphincter  and  a  con- 

mt  dribbling  of  urine  without  any  distention  of  the  bladder. 

Disturbances  in  the  action  of  the  Ijladder  and  rectum  constitute 
the  chief  sources  of  danger  in  spinal-cord  disease,  for  a  retention  of 
urine  is  liable  to  set  up  catarrhal  conditions,  and,  finally  cystitis,  and 
the  evacuation  by  means  of  a  catheter  is  liable  to  lead  to  the  infection 
of  the  bladrler  by  gernxs  unless  the  catheter  is  absolutely  aseptic. 
Such  a  cystitis  when  once  set  up  very  often  leads  to  pyelitis,  nephritis, 
and  death;  hence  the  greatest  care  is  to  be  taken  of  the  bladder  in 
spinal-rord  disease.  The  evacuation  of  the  rectum  must  also  be 
carefully  attended  to,  even  though  this  involves  its  empt\ang  by 
digital  manipulation,  m  is  commonly  the  case.  Disturbance  in  the 
action  of  the  bladder  and  rectum  occurs  in  almost  all  forms  of  spinal- 
cord  disease,  and^  therefore,  is  not  diagnostic  of  anyone  special  patho- 
logical lesion  or  of  its  location.  It  rarely  occurs  in  hysteria,  though 
retention  is  occasionally  present. 

The  Oait  in  Spinal  Disease.  In  various  forms  of  spinal-cord  dis- 
caj^es  the  position  and  gait  assumed  involuntarily  hy  the  patient  in 
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wulking  iiio  abiKHtnal.  In  tli.sea.Kei>  ^vhich  produce  the  Hrst  type  of 
j)aralyi?is — e.  g,  lateral  selerofiis — the  gait  is  a  stiff  one;  the  hips  and 
knee8  are  held  ri^id  and  adtlneted,  so  that  in  walkinij;  the  kiiee*^ 
ai>pear  to  touvli  or  even  to  nverla[).  antl  the  feet  aw  not  hfted  froin 
the  floor,  and  henee  are  dragged  or  are  pulled  forward  with  effort, 
the  great  toe  sc^rajjing  the  flijor.  At  the  sana*  lime  the  tendeney  l\> 
ankle  clonus  fre{|uently  leads  to  tre{>iLlation  of  the  entire  hotly  from 
the  j^haking  of  tht^  ftmt.  These  patient j<  cannot  step  out  freely,  and 
henee  their  steps  are  very  short,  hut  (|uUe  regular  in  length.  They 
rise  from  a  chair  or  sit  down  sltjwly,  tliere  being  an  apparent  resist- 
ance to  the  flexion  and  extension  of  the  joints.  Their  motions  are 
lujt  awkward  antl  can  !>e  guided  atTurately,  This  has  been  nanietl 
the  spjistic  gait. 

In  disf^ases  involving  the  lumbar  enlargement  of  the  ctml  and 
affecting  the  gray  itiatt<^r  alone  or  the  entire  cord,  antl  producing  the 
second  type  of  paralysis,  the  gait  is  the  |)aralytic  gait.  As  the  mus- 
cles grow  weaker  the  su])j)ort  of  the  joint^^  Ijecoint^s  imperfect,  so  that 
the  aid  of  canes  and  eriitclies  is  needed  tt)  support  the  hij),  anil  there 
is  a  tenilency  for  the  knee  to  be  overextended  iintl  for  the  ankle  to 
turn.  The  paralysis  of  the  rnuseles  of  the  thigh  makes  the  ordinary 
lifting  of  tlit^  fet^t  from  the  floor  inipossiljle,  antl  henee  the  leg  is 
flraggetl  along  \\\v  floor,  the  irnier  side  of  the  foot  touching  the  fioor, 
and  the  limb  liraggiiig  rather  Ittosely  as  it  is  jjullt^d  forward  betwi^en 
the  crutches.  There  is  none  of  the  stilfness  of  the  si>a>stic  gait  and 
none  of  the  uncertainty  t)f  the  ataxic  gait.  If  the  anterior  tibial 
group  of  museles  is  junalyzetl  eonii»letely,  there  will  l)e  a  ilrnp-foot, 
antl  if  this  preeedr^s  paralysis  of  the  thigh  tjr  is  alone  present,  then 
the  patient  in  stepping  forward  lifts  t!ie  leg  higher  than  normally 
in  order  to  avoitl  stiil>bing  the  toe.  This  has  been  ternietl  the  stej> 
ping  gait,  as  tht^  patient  has  the  ajjpearance  i\i  stepping  over  an 
obstacle  in  his  way  or  nf  raising  his  legs  as  if  abfKit  to  go  u])  stairs. 
Such  patients  are  soon  miable  to  rise  from  a  chair  or  to  ascent!  steps. 

In  posterior  sclerosis  (locomotor  ataxia)  the  gait  is  uncertain,  the 
steps  being  of  irregular  length,  the  patient  not  appearing  to  place 
the  foot  upon  the  ground  in  the  position  that  he  desires,  and 
hence  he  loses  his  balanc**  freijuently  antl  jnakts  irit*gylar  efforts  to 
preserve  it.  He  rises  with  ilifhculty  from  a  cliair,  spreatls  his  feet 
far  apart,  and  swa)^  for  a  moment  after  rising,  in  ortler  to  get  his 
balance.  As  the  disease  advatices  the  gait  Ix^comes  more  irregular, 
with  a  tendency  t<i  long  ste|)s,  to  too  great  lifting  tif  tlu*  foot  from 
the  floor,  tot)  sudden  antl  violent  i)!acing  of  the  foot  tkHvnward  u]>on 
tlie  flof*r,  so  that  the  gait  has  been  called  a  stam])ing  gait.  Tlie  f*^et 
are  uniforndy  placetl  too  far  apart,  as  the  patient  seeks  a  witle  l>aso 
of  su|j[Kirt.  The  irregularity  of  the  gait  is  increased  Iw  an  attemj>t 
to  walk  backward  or  to  w^ilk  forward  with  the  eyes  cltised.  This 
has  been  nametl  the  ataxic  gait. 

The  Pasitioii  Aasumed  in  Bed.  \Mien  the  patient  is  confined  to  his 
bet!  after  an  injury  of  the  sj>inal  cortl,  such  as  occurs  froin  fractures 
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and  ilislucati<)ns»  the  position  ii^sunird  in  Ijed  diffprs  lUTordiiig  to  tlir 
level  of  the  injury. 

If  the  sarnd  segments  are  enished,  the  |)utient  is  unable  to  move 
the  feet  and  ankl*\s,  un<l  lient-e  the  hn^t  He  in  un  «*xten<led  position, 
assuming  the  position  of  ilrop-font.  The  thighs  and  knees  can  be 
moved  in  this  enndition. 

If  the  lesion  involves  the  lower  half  of  the  hnninir  enlargement, 
the  patient  lies  with  the  thighs  dnnvn  up,  tlie  legs  flexrd,  aiul  he  is 
unable  to  straighten  the  legs  volnntarily  or  to  lift  the  fcTt, 

If  the  k*sion  involves  the  entire  lumbar  enJargenient,  the  patient 
lie.s  with  the  thighs,  legs,  and  feet  extendeih  and  eannot  move  them. 

If  tlie  k*sion  is  in  the  dorsal  region,  the  lower  extremities  are  par- 
alysed more  nr  less  eonijiletely.  but  there  is  no  tendency  to  drop-foot, 
and  the  limbs  offer  some  resistance  to  piussive  motion,  the  tendon 
reflexes  being  exaggerated  and  the  muscles  somewhat  rigid,  unless 
there  has  been  a  total  destruction  of  the  cord,  under  whirh  circuni- 
stances  the  muscles  are  relaxed  and  the  tendon  reflexes  lost. 

If  the  lesion  involves  the  Hrst  dorsal  and  last  cervical  segments 
the  han<ls  will  be  in  a  position  of  main  en  griff e,  but  the  elbows  and 
shoulders  can  be  freely  moveth 

If  the  seventh  cervical  segment  is  destroyed,  the  forearms  are 
partially  flexed  and  lie  upon  the  l>ody  with  the  han<ls  pronated. 
\"o!untary  movements  of  the  wrist  are  impossible,  but  the  elbow  and 
shoulder  can  be  movefl. 

If  the  lesion  lies  at  the  sixth  ceryical  segment,  tlie  arms  are  ab- 
ducted from  the  side,  the  forearms  are  eupinated.  wrists  and  fingers 
being  paralyzed. 

If  the  lesion  is  at  tlie  .fifth  segnient,  the  anns  lie  extended  and 
relaxed  at  the  side  of  the  liody,  all  motion  being  impossible. 

Tliese  forced  ji'»sitions  are  assumed  becaus(*  of  the  fact  that  at  any 
level  of  the  cord  the  nmsrles  controlled  at  and  below  the  lesion  will 
be  paralyzeil,  and  tlajse  controlle<l  ljy  tlie  cells  just  above  the  lesion 
\i'ill  be  actively  contracted  by  the  state  of  irritation  into  which  their 
motor  centres  are  thrown,  or  if  twt>  centres  of  r»pposing  actitm  are 
irritated  together,  the  stronger  will  overcome  the  weaker,  and  the 
resulting  position,  once  assumeil,  cannot  be  correcled  voluntarily; 
hence  the  fixed  pfjsition  once  assumed  is  maintained. 

Disturbances  of  sensation  are  important  symptoms  of  spinal-cord 
diseikse.  Any  irritability  of  tlie  sensory  areas  of  the  c<»rd  may  lead 
to  a  hyperscmsitive  condition  of  the  skin,  to  the  perci^ption  of  orflinary 
impulses  as  extraordinary  ones,  and  hence  to  the  t<Jo  keen  appre- 
ciation of  any  sensation  which  may  be  started  up.  The  irritation 
in  the  cord  may  be  so  great  iv«  to  lead  to  hallucinati<»ns  of  sensation; 
that  is»tothe  perception  of  sensations  in  the  skin  which  are  set  up 
in  the  cord  and  do  not  really  ci>me  from  tfie  skin  (similar  in  origin 
to  the  tingling  felt  in  the  little  finger  on  compressing  the  ulnar  nerve 
at  the  elbow).  Hence  in  any  disease  of  the  cord  during  the  early 
stage  of  congestion,  or  in  the  irritation  produceil  Ijy  beginning  scle- 
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rosis,  patients  commonly  complain  of  tingliii|c  ami  numbness,  of 
sensations  of  burning:  or  of  cold,  of  seiLsations  of  pain,  of  fulness,  of 
pressure^,  and  of  weight.  These  sensations  are  referred  to  the  skin 
or  to  the  limbs,  and  to  particular  parts  of  the  skin  and  limbs  that 
correspond  to  the  segment  of  the  cord  which  is  irritated.  These 
sensations  are  classed  together  under  the  term  '*para?sthesiae." 

Any  destruction  of  the  sensor)^  areas  of  the  cord  will  lead  to  a 
suspension  of  RMisations  which  art*  classed  together  as  aniesthesia?. 
Sensations  are  of  several  kinds— namely,  sensations  of  touch,  the  loss 
of  which  is  tactile  anaesthesia;  sensations  of  pain,  the  loss  of  which 
is  analgesia;  sensations  of  temperature^  the  loss  of  which  is  theniio- 
ana^sthesia:  and  sensations  of  muscular  sense,  the  loss  of  which  leads 
to  imperfect  co-ordination  or  ataxia.  As  these  seusatifnis  reach  the 
spinal  cord  through  the  sensory  nerve  roots,  any  disease  of  these 
nerve  roots  affects  uniformly  all  forms  of  sensibility.  But  the  sen- 
sory nenT  roots  transmitting  these  sensations  separate  one  from 
another  after  their  entrance  into  the  cord,  and  pm'sue  different 
courses  in  their  way  upward  to  the  bruin.  Hence  it  is  possible  for 
one  form  of  sensation  to  be  lost  while  the  others  are  preserved  in 
diseases  affecting  different  tracts  in  the  spinal  cord.  Thus  in  dis- 
eases of  the  root  zone  of  the  column  of  Bur<lach,  through  which  all 
sensations  pass,  we  have  anaesthesia,  analgesia,  and  atixxia.  In  dis- 
eases of  the  central  gray  matter  of  the  cord  we  have  analgesia  and 
thermo-amesthesia  without  anassthesia  or  ataxia.  In  diseases  of  the 
posterior  columns  of  the  cord  we  may  have  ataxia  alone  or  associated 
with  amesthesia.  The  coiu'se  of  these  various  imjiulses  into  the  cord 
and  upward  through  the  cord  is  not  as  yet  absolutel}^  determined, 
but  so  far  as  it  is  known  it  is  shown  in  the  diagrams  fFigs.  42,  43). 

The  sensory  fibres  are  the  axones  of  neurones  situated  in  the  pos- 
terior spinal  ganglia,  and  if  they  are  cut  off  from  connections  ^ith 
these  ganglia  by  any  lesion  of  tlie  nerve  root  or  any  lesion  within 
the  cord,  they  %\ill  degenerate  from  the  point  of  lesion  onward,    A 


EXPLANATION  OF  FIGS,  42  AND  13. 

Flo.  42.— Dlagrnun  abovrlQi;  loog  Aenaoir  fibres  Jn  the  posterior  eoUimtis of  the  cord:  S,  sensory 
norrea  wboae  Gbna  turn  upw&rd  ftfler  ftntering  Ihe  poot  zone.  Each  sQCceasive  oerrc  root  from 
below  upward  prtmm  the  fibrtt  already  aacending  inward  and  backward,  m  that  In  thi^  cervical 
i«0cm  tbe  fibfM  which  have  come  from  the  eacral  region  lie  in  the  colamn  of  GoU  near  to  the 
poftterlor  aeptam  t  the  fibres  fboro  the  lumbar  resgfon  lie  in  the  column  af  GoU  extertml  and  anterior 
to  thoae  from  the  aacral  region  ;  the  fibres  from  the  donal  region  Ue  at  the  lateral  part  of  the  cot- 
Qmn  of  Goli:  and  the  fibres  from  the  cervical  region  lie  In  the  column  of  Burdach.  This  diagram 
Also  ihowt  aModailoii  neurone*  of  the  cord  whose  axones  are  ptsiDg  upward  and  downward  in 
the  zoargiiuU  potUon  of  the  poeterlor  column  and  In  the  lateral  (L>  and  antero-lateraJ  (At)  cot- 
anuu  of  the  cord,  with  thin  oollaterali. 

FD8.  42L— Dlagimm  ^howlujs  the  eourae  of  ]<mg  sensory  columns  in  the  spinal  cord  :  5«  sensory 
o^re  roots  whose  fibres  enter  the  root  sone  and  the  gray  matter.  On  the  right  side  of  the  dh^rnun 
these  fibve*  tennluate  about  the  reN»  of  the  column  of  Clarke  (O,  whence  fibres  pass  Into  the  right 
dtteet  cei^bellar  column  {DC),  and  thus  ypwaid  to  the  cerebellum.  Sensory  fibres  aI<io  terminate 
ftbout  Ihe  intrinsic  cells  of  the  cord  (£},  whence  abrea  cross  to  the  opposite  side  and  ascend  In  the 
oolutun  of  Goweni  iG].  On  the  left  side  of  the  diagram  sensory  fibres  are  seen  to  terminate  around 
latflnsic  eelb  of  the  gray  matter  (X),  whence  fibres  cross  over  to  the  opposite  side  of  the  cord  and 
ssoend  In  the  an  tern- lateral  column  {AL). 
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study  tjf  \hv  ( lege nerat ions  following  lesions  of  the  nerv(»  roots  and 
following  transverse  lesions  of  the  spina!  i*ur\\  \n\s  gi\'rii  us  some 
knowk^ilge  of  tlie  course  of  the  sensory  tnicts. 

The  lil>res  of  the  posterior  nerv^e  root  on  entering  the  cord  divide 
in  :i  Y-sh;i|)e(l  manner,  one  hnmeh  turning  downward  nnd  the  other 
ii|>wurd.  Tlie  branch  which  turns  dr»wMward  is  short.  It  descends 
in  the  portion  of  the  column  of  Burdach  lying  anterior  and  external 
tn  the  root  zone,  named  the  connna-shaped  column  of  8chultze,  and 
terminates  by  sending  its  fibre,s  feollaterals)  into  the  gray  matter  of 
the  jiosterior  horn.  The  special  function  of  these  fibres  is  unknown. 
The  tiranchcs  that  turn  up  nxv  of  various  lengtlis,  and  some  fibres 
ascend  all  Iht^  way  to  the  medulla;  thei*e  are  the  long  sensory  tracts. 
The  great  majority  of  the  l>ranc!ies  which  turn  upward  terminate 
soon  after  their  fuitrance  into  the  cord  in  tlie  segment  into  whicli  they 
enter  ivr  in  the  segments  just  atiove  it;  these  are  the  short  sensory 
nerve  fibres.  They  terminate  in  branches  around  the  cells  of  the 
gray  matter  in  the  posterior  and  anterior  horns  and  in  the  central 
gray.  A  few  of  the  fibres  also  turn  upwan!  in  a  small  zone  lying  near 
to  their  entrance  and  between  the  tip  of  the  jjosterior  horn  and  the 
periphery  of  the  cord  knf>wn  as  Lissauer's  column. 

The  ctairse  of  the  long  s^Misory  tracts  is  pretty  well  known,  and  is 
well  illustrated  in  the  figures  here  given  (Figs.  42  and  43).  ^Vhen  a 
single  nerve  root  is  injured  or  destroyed  the  urea  of  Llegeneration  at 
its  point  of  entrance  intt>  the  cord  is  <|uite  extciisive,  but  at  higher 
levels  in  the  cord  the  are^i  of  de^generation  grows  smaller,  and  at  the 
junction  of  the  cord  with  t!ie  medulla  it  is  quite  limited  in  extent. 
This  is  well  illustrated  in  Figs.  44  to  46,  which  show  the  area  of 
llegeneration  in  a  case  of  unilateral  tumor  involving  the  second  and 
third  hnnbar  nerve  roots. ^  It  will  be  seen  that  at  the  second  lumbar 
segment  the  entire  nerve-root  zom*  in  the  column  of  Ikirdach  is 
degenerated.  In  the  tTiid-dorsal  region  this  degeneration  is  limited 
to  a  small  strand  in  the  colutrm  of  Goll,  and  in  the  cervical  region 
to  a  small  strand  also  in  the  cohunn  of  Cioll  and  near  to  the  mecUan 
line.  This  case  confirms  Xhv  rt^sults  of  physiological  experiments  in 
which  the  posterior  roots  Inive  been  tlivicled  in  monkeys.^  Such  a 
case  demonstrates  that  of  the  large  numl)er  of  nerve  fibres  entering 
in  any  ora'  posterior  nerve  root  but  a  few  extc^nd  all  the  way  up  to 
the  medulla.  If  a  series  of  cases  of  transverse  lesion  oi  the  cord  is 
studied,  tiie  transverse  lesion  in  different  cases  being  situated  at 
ilifferent  levels,  it  is  found  that  the  ascending  degeneration  in  these 
long  fibres  within  the  posterior  colunms  of  the  cortl  varies  in  extent 
in  different  cases.  The  higher  the  transverse  lesion  the  larger  the 
area  of  degeiHTation  produced.  This  is  demonstrated  in  Figs.  47 
and  48,  showiTig  the  an*a  of  ascending  degeneration  following  a  lesion 
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•  Case  rrpurti'd  by  <  Jwler.      Journ.  Ni*rv.  and  Ment.  DisctiKP,  lHfi9,  p,  499. 
^  lieitralEC  »uf  Anatointi*  tji*^  Central  tic  rvcn-syMtems  i  nsbesoridere  des  lluekemtiarkes, 
von  Prof.  Dr.  J.  Smg«?r  und  Dr.  E.  Munzi»r  m  Prog,  Wien,  1890. 


of  ihe  nuinsLi  cord  at  the  cerrlcal  iFlg.  14),  dorsftl  (V\g.  ib),  IttmiMT  |Flg.  46^  levels, 
AbowlnB  aM«tid1ng  degenemtion,  unl  lat^mt,  In  the  posterior  oolumii  niter  «  gummii  involving  the 
Kcood  MTid  third  lumbfir  nerrc  roote.  Tbc  relatiTC  extent  of  the  dcgctiemted  fibre*  At  the  dlflfferent 
level*  If  ihown  in  the  Bectiont. 


position  ill  the  t'ohimns  of  Goll  anil  Bunku'li  occupied  by  the  lung 
seasory  fibres  cuniin^  up  fnjin  the  various  segment*?  telow.  This  is 
shown  in  Fi^.  42,  While  the  lesitiii  in  the  posterior  root  zone  causes  an 
ascentlinj^cdegeiieratiiin  iiitln^pustenur  columns  only, it  has  ln»en  found 
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that  a  transverse  lesion  of  the  cord  causes  an  fi-^ceiiding  degeneration 
in  the  tlireet  cerebellar  column,  the  antero-lateral  ascenihng  tract*  or 
column  of  (fowers,  and  jnany  fibres  oi  shorter  or  longer  ext^^nt  in  the 
column  of  Burdach  and  in  the  antero-lateral  coluions.  As  degenera- 
tion only  occurs  in  a  fibre  which  is  cut  off  from  its  neurone,  it  is 
e\i(lent  that  the  neurones  of  wliicli  these  degenerated  fibres  are 
branches  lie  in  the  cord  itself  and  not  in  the  pitsterior  spinal  gangUa. 
It  has  been  stated  already  that  the  majority  of  tlie  fibres  entering  a 
posterior  root  zone  are  short  fibres.    These  terminate  in  fine  brushes 

FlO.  47. 


./ 
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Aioendinf  d«genemiin»  in  the  mid-dyniiil  regiuu  lilter  tnLiiHTet?ie  myctULH  at  the  first  LamlMr 
itgfljftut.  The  degeuemtkiu  uJfecU  the  posterior  luedlnn  cotumos.  together  with  i hi,^  i,M>stviior  ooiu- 
mltftinl  tracts,  al«o  the  direct  cerebeltar  coluiiio.  the  column  of  Gowem  and  many  Sbrca  In  the 
mntero-tateml  columns. 


about  the  cells  lying  in  the  posterior  gray  matter  and  median  gray 
matt^.^r  of  the  spinal  cortl.  Numerous  neurones  lie  in  these  regions 
of  the  gray  matter,  and  these  neurones  sen<l  out  their  axones  into 
the  lateral  columns  of  the  cord,  where  they  turn  upward  t^Dward  the 
raedulla,  forming  the  long  and  short  seiLsory  cohmiTis  whose  existence 
is  proven  by  the  study  of  degenerations.  Figs.  42  nnd  43  show  the 
situation  of  these  cells  in  the  posterior  and  median  gray  matter  of 
the  cord  with  their  axones  ptissing  into  the  various  columns.  In 
Fig.  42  it  will  be  noticed  that  some  cells  send  their  fibres  into  the 
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columns  of  the  eord  on  the  yide  on  which  tliey  he.  These  are  termed 
tautomere  neurones.  In  Fig.  43  it  will  be  seen  that  some  cells  send 
their  fibres  acros^s  the  median  lioe  into  the  opposite  columns  of  the 
cord-  These  are  termed  heteromere  neurones.  In  lioth  figures  the 
numerous  fibres  from  the  sensory  nerves  entering  the  gray  matter 
and  terminating  around  these  neurones  are  seen.  It  is  thus  evident 
that  the  course  of  the  sensory  impulses  coming  in  through  the  short 
sensory  nen-e  fibres  is  very  complex.  And  it  is  evident  that  w^hile 
some  sensory  impulses  pass  upward  on  the  same  side  on  which  they 
enter,  many  sensory  impulses  are  sent  across  the  cord  and  pass  up 
on  the  opposite  side. 


Fio,  48. 


■"^**^ 
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AMseadiDie  degeoetmUon  u;  [.<  UBQi verse  lesion  of  ttie  fifth  don&t 

WttpaieaL    Tbe  aaoendtng  dc^generatiuu  uiIIccls  ail  i  i  >r  columns  exceptiDg  tbe  root  zone 

f  ot  tbm  ooluinii  of  BurdAcb.    Also  tbe  direct  cerebei  h  and  coUtmni  of  Gowers,  and  many 

vim  In  the  Antero-lateml  ooluEims.    A  few  degeDcnicea  nuros  are  seen  wroand  the  maiflQ  of  the 
\  anterior  medt&n  column. 

It  has  been  already  stated  that  sensations  entering  the  cord  are  of 
various  kincb?.  It  is  not  yet  possible  to  assign  a  special  path  to  each 
of  these  various  sertsations,  Imt  it  seems  prnbable  that  t!^e  sensations 
of  muscular  seiLse  pass  upward  in  the  long  fibres  of  the  posterior  col- 
umns and  in  the  direct  cerebellar  tract  of  the  same  side  uf^on  wliich 
they  enter;  that  the  sensations  of  temperature  and  of  pain  pass  in 
the  short  fil>res  to  the  central  gray  matter  of  the  side  cm  which  they 
enter^  are  then  taken  up  by  new  neurones  which  transmit  them 
acroes  the  cord  and  upw^ard  in  the  antero-Iateral  tract;  that  the  tac- 
tile impulses  enter  the  posterior  columns  and  also  the  fi^ray  matter 
of  the  cord^  and  are  taken  up  by  neurones,  some  of  which  send  their 
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filHTt^  into  the  coluiiiiis  ot  tlio  suiik*  side;  but  tlie  iiKijtJiity  .send  thdr 
fibres  acruss  the  mediiin  line  into  the  antero-hiteml  eohimns  of  the 
oppaHite  side  (Fig,  43,  AL),  It  ejin  b(^  jiof^itively  stateil  that  a  con- 
dition uf  ataxia  iinphes  a  k\'^inii  of  tlie  ])osterior  eohunn  (vf  tlie  cor*.l; 
that  a  couflition  of  analgesia  and  tliernio-analgesia  iniijhes  a  lesion 
of  the  central  gray  matter  and  of  the  tiseending  4intt*r<»-lateral  hljres, 
and  that  a  condition  of  tactile  anaesthesia  ini})lies  widespread  degen- 
eration in  th(*  anterodateral  aiitl  pos{eri(»r  columns  of  the  cord. 

In  a  unilateral  lesion  of  the  cord  it  is  usually  hvurul  that  there  are 
tactile  antestlu^sia,  analgesia,  thenno-analgesia  in  the  side  of  the  body 
opposite  to  the  lesifjn,  togetlier  with  some  hypera^sthesia  of  all  these 
sensations  in  the  same  side  of  the  hoiW  as  the  lesitm;  and  it  is  from 


¥iG.  49, 


I 

Afte«'wllii|f  fleguneruiioii  ttt  i  ■  u  i  ^-ani.  ui  ii  i  ler  iniiiSFcwe  rayeUtia  at  the  eighth  doraftl 

wgnieTH.  The  ccjlumiistiif  Ooll,  ihe  post-coin missural  Lmcls,  the  extermil  iwri  of  the  column  oi 
Buidach.  the  dtrect  cerebellar  ciilumo.  the  column  of  Gowefa,  Mid  some  parts  of  ibe  an l^rfr lateral 
ooiumn  arc  degeneniteil. 

this  clirucal  fact  that  the  conchision  is  reached  that  sensory  impulseej 
piuss  across  llie  cord  and  ascend  in  the  cohiiims  of  the  opposite  side. 

In  syringomyelia,  in  which  the  central  gray  matter  of  the  cord  alone 
is  iiflecti'd  there  is  a  loss  of  temperature  and  pain  sense  only.  This 
occurs  on  the  side  of  the  lesion.  It  has  been  sup]>os*'d  until  recenth^ 
that  tliese  sensatitins  were  transmitted  upwartl  in  the  column  of 
(Unvers,  hut  recent  researches  prove  tluit  this  ct^lmmi  passes  to  the 
cerebellum. 

In  locomotor  ataxia,  in  which  the  lesit)n  is  limited  to  tlie  posterior 
root  zone,  all  the  sensations  arc  more  or  less  impaired,  and  there  is 
secondary  degeneration  ascencling  in  the  ]}osterior  colunms  only.  In 
general  myelitis  all  tlie  sensory  tracts  are  ini|>licated,  and  here  too 
all  forms  of  sensation  are  impaired. 


L 


Areas  of  Ansesthesia  upon  the  Body  after  Lesions  in  the 
Various  Segments  of  the  5pma[  Cord. 

THe  •egiTiants  oT  th«  cord  arc  nunnl>»red:  CI  to  VI1I»  D  1  to  X1 1,  LI  to  V»  S  1 
lo  5,  and  the«a  nutnbers  «re  placed  on  the  region  of  the  akin  supplied  by  the 
mcnmary  nerve«  of  the  rrorrespcjnding  segment 
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transverse  lesions  of  the  cord  at  any  segment  it  is  evident  that 
the  impulses  reaching  that  segment  from  its  own  pair  of  ner\'es,  and 
the  impulses  passing  through  that  segment  to  and  from  the  segments 
below  it,  will  be  cut  off;  hence  after  transverse  lesions  there  is  a 
condition  of  total  anaesthesia  in  the  body  below  the  segment  w^ich 
is  destroyed.  If,  therefore,  a  series  of  cases  is  brought  together  of 
lesions  of  the  cord  in  every  segment  from  the  last  saei'al  tij*  to  the 
upjjer  cervical,  and  if  the  area  of  anaesthesia  in  the  body  in  each  of 
these  cases  is  acem-ately  determined,  it  is  evident  that  it  will  l>e 
jKJssible  to  ascertain  the  exact  region  of  the  skin  related  to  the  in<ii- 
vidual  segments  of  the  sjiinal  cord.  In  Plate  XIII.  these  areas  ai'e 
carefully  laid  down.  It  is  evident,  therefore,  that  in  any  case  of 
spinal-cord  disease  it  is  necessary  to  test  the  sensations  and  to  com- 
pare the  area  of  anaesthesia  with  the  diagram  here  given,  and  thus 
to  determine  the  level  of  the  spinal  cord  alTected.  It  is  to  be  remem- 
bered, however,  that  the  skin  of  the  body  is  plentifully  supplied  with 
^nsorj'  nerves  which  anastomose  freely  at  their  terminations,  and 
the  researches  of  Sherrington  have  demonstrated  that  each  part  of 
the  skin  is  supplied  with  sensory  nerves  from  two  adjacent  segments 
of  the  cord;  hence  a  condition  of  ana-sthesia  in  the  skin  indicates  a 
sus])easion  of  function  of  two  segments  of  the  cord  at  least,  for  if 
one  segment  alone  were  affecteii  the  segments  above  and  below  it 
would  be  capable  of  supplying  the  skin  with  sensation.  This  con- 
clusion, drawn  ljy  Sherrington  from  physiological  experience,  I  have 
confirmed  in  a  case  of  spinal  disea^se  in  \^ liicli  it  liecame  nect*ssarj^  to 
divide  complet-t^ly  the  posterior  nerve  roots  tit  the  sixth  dorsal  level. 
This  division  fliil  not  produce  any  auiesthesia  around  tlie  Ijody,  be- 
cause the  fifth  and  seventh  nerves  supplied  the  skin  of  the  trunk  in 
the  domain  of  tlie  sixth  nerve  sufficifmtly  to  prevent  amesthesia. 
If,  however,  two  adjacent  nerves  are  divided,  a  zone  of  aniesthesia 
is  produced.  The  overlapjang,  therefoi-e,  of  adjacent  sensory  areas 
is  not  to  be  forgotten  in  determining  the  level  of  the  segment  aflfected. 
Thus  if  in  a  case  the  areas  of  anaesthesia  on  the  body  correspond  to 
the  section  shown  in  the  diagram  its  l)elonging  to  the  second,  third, 
fourth,  and  fifth  sacral  segment^s  of  the  cord,  the  lesion  of  the  cord 
undoubtedly  involves  the  first  sacral  segment  also,  but  is  certainly 
not  any  higher. 

The  determination  of  the  area  of  anaesthesia  Is  of  particular  im- 
portance in  cases  of  compression  of  the  corti  by  tumor  or  by  dislocated 
ur  fractured  vertebra*,  as  it  is  the  most  positive  indication  of  the 
exact  level  of  the  cord  which  is  invaded  by  disease.  Thus  in  the 
cases  in  which  tumors  have  Ijeen  successfully  removed  from  the  cord 
the  level  of  the  aniesthesia  hius  Ijeen  the  guiding  symptom  for  the 
surgeon.  In  such  cases  the  normal  anatomical  relation  between  the 
segments  of  the  spinal  cord  and  the  vertebrtie  is  not  to  be  forgotten. 

Small  areas  of  ana\sthesia  in  the  body  corresponding  in  distribu- 
tion to  the  diagram,  and  fkie  to  small  localized  foci  uf  diseti^e  in  the 
spinal  cord,  are  found  chiefly  in  syringomyelia,  in  hemorrhages  in  the 
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cord,  in  t^mall  aroas  of  ^^ufkniiiig  io  the  con!,  or  in  tumor  of  the  cord. 
These  lesions  destroy  the  terniinal  filaments  of  two  or  three  sensory 
nen^es  and  do  not  invade  the  long  tracts  coming  from  the  parts 
telow  the  level  of  the  lesion;  lieuce  localized  aiui^stliesia  is  indicative 
of  a  snml!  limited  lesion,  not  of  general  transverse  diseases.  Such 
small  limited  lesions  are  not  very  common.  In  all  eases  the  anaes- 
thetic- area  fades  gradually  into  the  area  of  norma!  sensibility.  In 
hysteria  the  line  of  demarcation  Ijetween  sensitive  and  insensitive 
skin  is  much  sharper. 

The  determination  f>f  the  exact  area  of  ana\sthesia  in  any  case  is 
of  great  service  also  in  differentiating  lesions  of  the  spinal  cord — 
first,  from  lesions  of  tlie  nerve  trunks:  secondly,  from  lesions  of  the 
eauda  equina:  thirdly*  from  hysteria:  fourthly,  from  nmltiple  neu- 
ritis. In  lesions  of  the  nerve  tnmks  the  distribution  of  the  anaesthesia 
is  different  from  its  distribution  in  the  spinal-cord  affections.  This 
will  be  evident  if  tlu^  arpas  in  Flatt*  V.  showing  the  distrilmtion  of 
the  nerves  of  the  skin  is  comjiared  with  tlie  areas  in  Plate  XIII.  sliow- 
ing  the  distribution  of  the  nerves  from  the  segments. 

Fractures  of  the  lower  limibar  vertebra'  (»r  of  the  sacrum  often 
produce  jiressure  upon  the  cauda  equina.  It  has  been  found  that 
when  such  pres.'^ure  is  slight,  it  is  the  nerves  lying  innermost  within 
the  Cauda  which  suffer  most,  and  the  greater  the  compression  the 
greater  the  number  of  nerves  which  suffer.  The  distril)ytion  of  the 
ana\^thesia  in  caudal  lesions  resembles  closely  tlie  rlij^tribution  of 
anaesthesia  in  lesions  of  segments  of  the  cord,  antl  from  a  study  of 
the  atuesthesia  alone  it  is  imjj(»ssible  to  differentiate  absolntely  a 
caudal  lesion  from  a  cord  lesion.  A  <liagn(jsis  may,  however,  be 
made — first,  from  a  study  of  the  surgical  indications,  chiefly  of  the 
nature  of  deformity,  the  relation  of  the  vertebra'  to  the  segments  of 
thr  vuTi]  bting  rememl>ercd.  The  spinal  cord  ends  at  the  first  lumbar 
vertebra;  hence  any  fracturt*  bt^low  that  IpvcI  necessarily  compresses 
the  Cauda  equina  and  does  not  dastroy  the  s(>inal  cord.  Secondly, 
a  diagnosis  may  be  ma<ie  from  a  study  of  the  fiaralysis  which  accom- 
panies the  anaesthesia.  This  paralysis  is  very  slight  in  lesions  of  the 
sacral  segiiient.s  of  the  cord.  Thus  when  a  lesion  is  at  or  l>elow  the 
thinl  sacral  segment  the  jjaralysis  is  confined  to  the  peronei  muscles. 
When  the  first  sacral  segment  is  also  involvetl,  the  paralysis  affects 
the  anterior  and  posterior  tibial  muscles,  and  it  is  only  when  the 
entire  lumbar  region  of  the  cord  is  (k^stroyed  that  movements  of  the 
hip-joint  will  be  atTert(*d.  In  caudaHxjuina  lesions,  on  the  other 
hand,  pressure  upon  the  nerve  roots  is  often  sufficient  to  produce 
widespread  paralysis  when  sensation  is  but  sliglitly  affected.  Thus 
in  a  kVmn  oi  the  sfunal  cord  the  distribution  of  the  paralysis  will 
corresjiond  to  the  segnu'nt  of  tlie  cord  invaded  by  disease,  and  will 
correspond  io  the*  distribution  of  the  ana'sthesia  produced  by  a  lesion 
of  that  segriient,  while  in  lesions  of  the  cauda  etjuina  the  cUstribution 
of  the  paralysis  may  be  much  more  extensive  than  that  indicated  by 
the  ilistribution  of  the  ana'sthesia. 
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The  distribution  of  tlio  anipsthesia  is  also  of  much  ^r\ice  in  dif- 
fereritinting  liystorical  paralysi.s  from  or^aiiic  disease  of  the  sjiinal 
cord.  Charcot  pointed  out  the  fact  that  in  hyt!iterical  para]>legia  tlie 
anaesthesia  never  irn-olves  the  genital  organs  or  the  perineum  and  tlie 
anus.  Parah^is  of  the  bhidder  and  rectum  is  a  very  rare  thing,  and 
if  it  occur  is  of  the  nature  oi  retentinn  of  urine  nitlier  than  of  incon- 
tinence. Fig.  50  shtiws  tlie  area  of  aniet^thesia  commonly  <>bserved 
in  hysterical  cases,  and  it  will  be  noticed  tliat  its  tUstribution  is  \^vy 
different  in  outline  from  that  in  Plate  XIII.  It  is  also  to  I »e  remem- 
bered that  in  hysterical  paraplegia  there  is  no 
reaction  of  degeneration  in  the  muscles,  and  there 
is  no  loss  of  tendon  reflexes. 

In  many  eases  of  traumatic  neurosis  or  of  irri- 
tation of  the  spine  following  injuries,  and  in  the 
BO-called  spinal  concussion  associat^^d  with  an- 
aesthesia, it  will  l)e  found  that  the  distribution  of 
the  anaesthesia  corresj»onds  to  tlie  iiysterical 
rather  than  to  the  organic  ty|>e. 

In  nmltiple  neuritis  the  region  i»f  aniesthesia 
assumes  a  stocking-shajjed  or  glove-shajied  area 
on  l»oth  limbs  symmetrically,  and  does  not  ex- 
t4*nd  to  the  trunk;  already  shown  in  Fig,  27. 

It  is  important  to  be  able  to  locate  the  lesion 
accurately   in    spinal-cord    iliseiise,    no   matter 
whether  the  lesion  thus  tletermined  corresponds 
to  well-known  forms  of  spinal  tUsease  or  not.     It 
ha8  recently  l>een  shown'  that  va^scular  tiiseases 
of  the  spinal  cord,  hemorrhages  intf)  the  cord  of 
small  extent,  or  long  perforating  hemorrhages  in 
the  cord  of  small  lateral  extent,  or  small  areas 
of  softening  of   the  cord  due  t(j  thrombosis  of 
diseased  spinal  arteries  or  their  branches,  are 
more  conmnm  than  was  supposefl.    The  diagnosis  of  these  conditions 
is  only  possible  by  an  accurate  study  of  symptoms,  and  such  a  study 
may  indicate  a  local  lesion  suspen+ling  the  function  of  a  small  area 
at  any  level, 

Ata3ua,  Ataxia  is  a  symptom  of  spinal-cord  eliseitse  due  to  an 
interference  ynih  the  muscuhir  sense  impressioits  which  pa^  into 
the  cord  through  tlie  ])osteritir  nerve  roots  and  root  zone.  Both  the 
automatic  anri  voluntary  movemerits  rtf  tlii^  l»ody  are  guided  by  the 
impresrions  received  through  muscular  sense,  and  if  those  impres- 
sions are  lacking  the  movements  become  awkward.  Such  move- 
ments can  be  guided  by  the  eye,  and  hence  an  ataxic  will  always 
perform  a  motion  more  deftly  if  he  watches  the  limb  which  is  moved, 
but  deprive  him  of  vision  by  closing  his  eyes  and  the  symptom  of 
ataxia  is  readily  developed.     The  lesions  of  the  spinal  cord  which 
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prothico  ataxia  are  those  which  destToy  the  fil)re.<  in  the  posterior 
external  cokmiii  or  column  of  Burdaeh,  through  which  the  fibres  pass 
which  convey  the  impres>sions  of  muscular  sense.  As  has  been  already 
stated,  these  fibres  pass  upward  and  downward  in  the  column  of 
Burdach,  sendiiig  their  collaterals  into  the  posterior  gray  matter  of 
the  cord  at  different  levels,  so  that  the  impressions  coming  in  thi'ough 
a  single  nerve  are  con\^eyed  to  many  segments  of  the  cord.  In  ad<ii- 
ikm,  there  are  the  long  tracts  passing  to  the  medulla,  already  de- 
scribed in  the  column  of  Goll.  ^Vhen  one  tliinks  of  the  very  numerous 
and  ctimjjlex  movements  which  are  involved  in  such  a  simple  act 
as  lifting  a  glass  of  w^ater  to  the  Hps,  involving  almost  the  entire 
body,  made  in  ortier  to  preserv^e  its  balance,  one  realizes  that  to 
properly  guide  any  movement,  however  simple,  a  very  exteosive 
action  of  a  large  numljcr  of  muscles  is  required.  This  action  is  guided 
autoniaticaUy  by  the  nuiscular  sense.  It  is  only  when  the  muscular 
sense  is  interfered  with  that  one  reahzes  its  extensive  use  and  its 
ctinstant  function.  The  chsease  in  which  ataxia  is  most  evident  is 
jiosterior  sclerosis,  but  any  lesion  affecting  the  same  area  of  the  cord 
^-ill  produce  ataxia.  Thus  multiple  sclerosis,  or  tumors  of  the  men- 
inges on  the  posterior  surface,  or  tumoi's  within  the  cord,  or  s^Tingo- 
myelia  when  it  involves  the  postt^rior  columns,  or  a  general  myelitis, 
are  capable  of  producing  tliis  symptouL  The  ataxic  gait  has  already 
been  described. 

Pain*  Pain  is  a  sjaiiptom  of  considerable  ira]>ortance  in  spinal- 
cord  disease.  It  may  Ijc  felt  in  the  spine  itself;  that  is,  in  the  back 
and  deef)er  structures,  under  wliicli  circumstances,  as  a  rule,  there 
IS  a  more  or  less  extensive  affection  of  the  nerve  roots  or  of  the 
meninges,  but  not  of  the  spinal  cord.  Severe  pain  in  the  back  and 
spinal  hgaments  is  not  at  all  unconunon  in  functional  affections,  sueh 
as  traumatic  hysteria  and  traumatic  neurasthenia;  in  nervous  pros- 
tration; in  h^^steria.  It  is  sometimes  present  in  the  affections  of  the 
viscera,  under  which  circimistance  the  j>ain  is  really  a  ''referred 
pain/'  referred  to  the  back  when  the  actual  irritation  comes  from 
the  sympathetic  nervous  system  connected  with  the  viscus  diseased. 
(See  page  99*)  In  organic  affections  of  th(*  bones,  hgamentw^,  and 
ner\^e  roots  spinal  pain  is  also  a  frequent  symptom. 

When  pain  is  produced  by  disease  of  the  spinal  cord  itself,  it  is 
due  to  an  irritation  or  injury  of  the  posterior  nerve  roots  at  their 
entrance  or  to  an  irritation  tif  the  sensory  tracts  jiassing  u|>w^ard 
through  the  s|>inal  cord.  Under  these  circumstances  the  pain  is  not 
referred  to  the  back,  but  is  felt  in  the  part  of  the  body  from  wliich 
the  irritated  nerve  root  or  sensory  tract  hjis  come.  Thus  in  loco- 
motor ataxia  the  sharp  shooting  paias  are  referred  to  the  limbs 
rather  than  to  the  back^  and  as  the  disease  ahiiost  uniformly  begins 
in  the  second  and  third  lumbar  segments  of  the  cord,  these  pains  are 
usually  referred  to  the  anterior  surface  of  the  thighs,  and  as  the  dis- 
ease advances  downward  to  the  fourth  and  fifth  lumbar  segments^ 
the  jmin  is  felt  in  the  feet;  as  it  advances  upward  into  the  dorsal 
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region,  the  pain  in  felt  about  the  body.  When  the  process  has 
ascended  to  the  lower  cervical  reixitjn  pains  begin  to  be  feit  in  the 
axilhi,  on  the  imier  ^ide  of  the  arms,  and  in  the  Httle  fingers,  and 
finally,  iis  tlie  ujjper  segnient.s  of  tlie  cervical  region  are  invaded  by 
the  sclerotic  process,  the  entire  arms  and  shoulilers  become  the  seat 
of  pain.  The  location  of  pain,  therefore,  in  any  case  of  disease  of 
the  cord  is  an  indication  of  the  level  of  the  disea-^e,  and  comparison 
of  the  distribution  of  the  pain  in  any  one  case  with  the  diagram 
(Piat^  XHL)  will  enable  one  to  locate  the  affection. 

In  s>Tingomyelia,  in  which  the  terminal  filaments  of  the  pain-sense 
nerves  within  the  gray  matter  are  ilef^troyed,  the  analgesia  which 
finally  develops  is  iisiially  })rec(Mled  by  a  stage  of  jiain,  and  here  too, 
as  in  locomotor  ataxia,  the  pain  is  referretl  to  the  periphery  corre- 
sponding to  the  segments  of  the  cord  involved. 

Pain  referred  to  the  extremities  is  also  a  symptom  in  injuria  of 
the  cord,  in  henR»rrhages  wilhin  the  cord,  or  in  crushing  of  the  cord 
such  as  follows  dislocation  or  fractnre  of  the  spine.  In  these  cases 
the  pain  is  rf*ferred  to  the  periphery,  but  is  less  exactly  referred  than 
in  locomotor  ataxia,  for  the  injury  affects  all  the  sensory  tracts 
coniing  from  the  partes  below  the  site  of  the  lesion,  and  these  are 
damaged  to  a  greater  or  less  extent;  consetjuently,  the  reference  of 
the  pain  is  more  widespread.  Thus  in  a  hemorrhage  iu  the  lower 
cervical  region  intense  pain  may  l>e  felt  in  the  entire  body  below  the 
level  of  the  arms.  In  these  casi*^  any  movement  of  the  body  causing 
an  increased  mechanical  pressure  upon  the  cord  may  lie  attended  by 
sharp » shooting  pains  felt  in  any  parttif  the  body  below  the  lesion. 
Pain  is  an  early  symptom  in  tumors  of  the  cord,  and  in  these  cases 
it  may  be  referred  to  the  periphery  from  which  the  nerve  root  comes, 
which  is  primarily  compressed  at  the  site  of  the  tumor.  Thus  in  a 
tumor  in  the  dorsal  region  the  pain  may  be  felt  in  the  thorax,  epi- 
ga*strium»  or  abdomen.  It  may  be  also  referred  tf>  the  parts  of  the 
body  below^  the  tumor,  1  jecause  of  the  irritation  of  the  sen^^ory  tracts 
passing  tlu-ough  the  cor^l  at  the  site  of  the  tunn»r. 

There  are  some  cases  in  which  pain  is  referred  to  an  anaesthetic 
portion  of  the  body.  Thus  in  caries  of  the  spine,  in  localized  menin- 
gitis, in  injuries  of  the  nerve  roots,  and  in  some  cases  of  sclerosis  of 
the  cord  the  sensory  nerves  may  be  destroyed,  so  that  no  sensations 
can  pass  in  over  them,  and  hence  the  surface  of  the  body  may  be 
ana?sthetic;  but  at  the  same  time  the  proximal  ends  of  these  de- 
stroyed nerves  may  be  irritated  by  the  disease,  and  hence  painful 

I  eensations  may  constantly  be  sent  inward  to  the  cord.  These,  being 
received  and  transmitteil  upward,  are  referred  to  the  amesthetic 
surface,  giving  rise  to  the  symptom  called  amesthesia  dolorosa.  This 
condition  is  ver>^  rarely  seen  in  diseases  of  the  cord  itself »  but  is  very 
common  in  diseases  of  the  vTrtel>ra\  especially  in  tumors  (carcinoma, 

,  sarcoma)  and  in  caries  of  the  spine, 

VaBomotor  and  Trophic  SjmptomB.  In  the  gray  matter  of  the  cord 
there  lie  certain  cells  which  rrguhite  the  mechanism  by  wliich  nutri- 
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tiuu  in  the  body  is  maintained.  It  s^eems  probable  that  these 
mechanisms  are  set  in  activity  by  sensory  impulses  reaching  the  cord 
tlirniigh  the  posterior  oen^es,  bix-ause  many  pof=tterior  nerv^e  or  nerve- 
root  lesions  are  attended  by  trophic  disturbances — e.  g.,  joint  disc-ase 
and  perforating  ulcer  of  the  foot  in  locomotor  ataxia.  In  locomotor 
ataxia  the  joint  diseases  are  quite  frecjuent,  the  ankle,  knee,  and  hip 
being  affected  in  the  order  mentioned.  In  syringomyelia  it  is  the 
elbow,  WTist,  fingers,  an<l  shoulder,  in  the  order  mentioned,  which 
are  mos^t  commonly  affected.  It  is  quite  noticeable  tiiat  such  joint 
affections  oeciu"  chiefly  among  the  lower  classes  or  in  persons  who 
are  exposed  to  injmy  or  to  falls;  hence  it  is  concluded  that  their 
origin  is  traumatic,  even  a  slight  injury  lx*ing  sufficient  to  produce 
IhenL  There  is  usually  at  first  an  effusion  of  fluid  info  the  joint, 
subsequently  a  thickening  of  the  ends  of  the  Ixmes.  If  such  joints 
are  treated  by  perfect  rest  at  an  early  stage,  the  disease  <lisapi)ears. 
If,  however,  they  are  neglected,  as  they  are  very  lial)!e  to  be  because 
of  the  absence  of  pain,  the  process  goes  on  and  increases  until  the 
joint  is  rendered  useless.  It  is  a  very  suggestive  fact  tliat  these 
joint  diseases  appear  only  in  those  spinal  affections  in  which  the  sense 
of  pain  is  ioipaired,  and  this  is  anotliei*  proof  of  the  conservative 
influence  of  pain  in  securing  rest  or  immobility  in  the  disease<l  part. 
The  mechanisms  starteil  by  Ihese  sensoiy  impulses  which  control 
nutrition  lie  in  the  central  gray  matter  of  the  cord,  and  to  some 
extent  in  the  anterior  horn,  for  trophic  disturbances,  esj>eeially  erup- 
tions in  the  skin,  necrosis  of  Ihe  fingers,  atrojjhy  of  the  muscles, 
fragility  of  the  bones,  occur  in  lesions  limited  tcj  the  gray  matter  of 
the  central  area  or  inva<ling  tin*  iuiterior  horn,  as,  for  example,  in 
s\Tingomyelia  and  in  anterior  poliomyelitis.  It  is  probable  that 
these  mechanisms  are  not  the  only  ones  which  preside  over  nutrition^ 
and  that  throughout  the  boriy  and  in  the  skin  the  nerve  mechanism 
of  the  vessels  is  tjuite  comijetent  to  regulate  nutrition,  provided  it 
is  not  put  to  too  great  a  strain.  Thus  bed-s(*res  antl  cystitis  are  in 
my  opinion  rarely  due  primarily  to  lesions  of  the  spinal  cord,  and 
may  usually  be  avoided  by  projier  care.  In  the  normal  body  con- 
thnious  pressure  upon  any  one  part  for  a  long  time  without  shifting 
of  position  does  not  occur  even  in  sleep,  and  if  a  similar  repeated 
change  of  posture  is  kept  up  in  a  case  of  spinal  paralysis,  bed-sores 
will  not  appear.  It  is  undoubtedly  the  continueil  iiressure  without 
change  of  position  which  j^roduces  sucli  sores,  and  this  is  proven  by 
the  locality  in  which  they  unift>rmly  aj  ijjear — namely,  over  the  sacrum, 
upon  the  trochanters,  upon  the  heels,  or  upon  spots  subjected  to 
greatest  pressure  when  the  patient  lies  long  in  one  position.  In 
cystitis  it  is  the  introducti<>n  of  germs  into  the  blailder  by  means  of 
the  catheter  which  is  responsible  for  the  disea^se,  or  else  an  over- 
distention  and  consequent  inflammation  of  the  bla<lder  when  the 
proper  catheterization  is  neglected.  While  it  is  admitted,  therefore, 
that  the  s|iinal  cord  has  tntphie  functions  in  the  sense  that  it  regu- 
lates the  degree  of  circulation  and  the  rapidity  of  processes  of  nutri- 
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tion,  it  is  not  believed  that  a  lesion  in  the  cord  alone  under  proper 
care  of  the  patient  will  result  in  lesions  of  the  skin  or  mucous  mem- 
branes. 

The  atrophy  of  the  muscles  which  occurs  in  spinal  paralysis  appears 
to  be  too  rapid  to  be  accounted  for  by  disuse,  and  the  fragility  of 
the  bones  which  appears  in  syringomyelia  can  only  be  accounted  for 
by  a  distinct  trophic  influence  of  the  cord  upon  the  bones. 

In  all  conditions  of  destruction  of  the  spinal  cord  the  part  of  the 
bo<ly  related  to  the  part  of  the  cord  destroyed  is  found  to  present 
a  bluish  appearance,  indicating  an  imperfect  capillary  circulation 
due  to  a  lack  of  tone  in  the  arteries,  and  also  a  cold  condition  due 
to  imperfect  processes  of  nutrition  going  on  in  consequence  of  the 
venous  stasis.  This  is  particularly  noticeable  in  the  parts  of  the 
body  below  a  transverse  lesion  of  the  cord,  in  syringomyelia,  and  also 
in  anterior  poliomyelitis;  hence  it  is  evident  that  the  spinal  cord 
is  concerned  .in  the  vasomotor  mechanism.  Hence  in  any  cases 
where  vasomotor  or  trophic  symptoms  appear  in  a  patient  the 
suspicion  is  aroused  of  a  spinal-cord  disease. 


CHAPTER    XL 


THE  SPINAL  BL00D\T:SSELS. 

The  main  artories  of  the  .spinal  cord  are  tlirf^e  in  iminber.  They 
lie  on  the  anterior  and  posterior  surfaces  of  the  organ  along  it.s  entire 
length.  The  anterior  spinal  artery  is  formed  by  tlie  junction  of  two 
vessels  which  arise  from  the  vertebral  arteries  and  it  extends  to  the 
lowest  part  of  the  spinal  cord.  The  posterior  spinal  arteries  also 
arise  from  the  vertebral  arteries,  but  do  not  often  join,  Theypa^s 
dowTiward  along  the  surfaee  of  the  cord  on  each  side  near  the  entry 
of  the  posterior  spinal  nerve  root«.     (See  Plate  XL)     In  addition 
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Scheme  to  Bbow  ibe  course  and  dkliibulicm  of  the  terminal.  branetae«  of  the  arterial  plC'xns  ol 
the  plBk.  mater,  a.  tpin.  pott,,  poeterlor  eploiil  urterlee ;  a.  irpin.  ant,,  miterior  splniil  arleile^ ;  a.  iU., 
anterior  Goedtai}  fiwure;  rac.  ant.,  AQterlDr  fioot  arterlei.    (After  Van  Gehucbten.) 

to  these  main  arteries  there  are  a  large  number  of  smaller  arteries, 
branches  of  the  intercostal  arteries,  which  enter  the  spinal  canal  at 
the  sides  of  the  spinal  nerv^es  and  are  distril>uted  to  the  antero- 
lateral surfaces  of  the  cord,  freely  aoai^tomosing  with  one  another. 
These  have  been  called  anterior  antl  posterior  radicular  arteries. 
They  divide  into  ascending  and  descending  branches  and  anastomose 
freely  with  thi^  anterior  aral  posterior  si)inal  arteries,  making  a  sort 
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of  arterial  network  about  the  spinal  cord  from  which  niinieroiLs  small 
branches  penetrate  the  surface  of  the  organ.  The  number  of  these 
radicular  arteries  is  variable,  but  they  are  never  present  on  all  the 
nerves,  every  second  or  third  nerve  having  an  accompan}deg  vcBsel. 
There  is  a  fold  of  pia  mater  in  the  anterior  fissure  of  the  spinal  cord, 
and  in  this  fold  a  large  brancli  of  the  anterior  spinal  arteries  is  usually 
found  running  longitudinally.  From  this  branch  secondary  branches 
enter  the  gray  matter  of  the  spinal  cord  and  pass  down  in  it»  forming 
the  central  arteries  of  the  cord.  Thus  the  supply  of  the  gray  matter 
and  white  matter  of  the  cord  is  from  different  branches.  Fig,  52 
demonstrates  tlxis  distribution.  All  of  the  spinal  arteries  which  enter 
the  cord  are  terminal  arteries  like  the  basal  arteries  of  the  brain; 
that  is^  they  do  not  anastomose.  Hence  an  embolus  in  a  spinal 
vessel  always  leads  to  an  area  of  softening.    The  peripheral  spinal 


The  dlstrltniilon  of  Ibe  ftnlerloir  tplnal  artery  and  Tein  to  Lfac  gra^  matter  of  tbe  Hplnal  cotd^    An 
luj  ecied  prepaimtlon .    ( Adamlcte wics. ) 


branches  which  penetrate  the  organ  from  its  surface  enter  with  the 
connective-tissue  septa  or  with  the  nerve  roots.  They  supply  the 
white  matter  of  the  cord,  and  their  terminal  twigs  reach  the  edge  of 
the  gray  matter  and  sometimes  enter  it.  but  they  do  not  anastomose 
with  the  branches  of  the  central  artery. 

The  fine  capillaries  within  the  gi-ay  matter  emiity  into  veins  which 
accompany  the  central  arteries  and  empty  into  larger  veins  wliich 
lie  in  tlae  anterior  fissure.  The  majority  of  the  spinal  capillaries, 
however,  empty  into  tine  venous  twigs  which  make  their  exit  on  the 
lateral  and  [posterior  surfaces  of  the  cord  where  a  venous  network 
surround<  the  cord.  This  in  turn  empties  into  larger  veins  w^hich 
make  their  exit  from  the  spinal  canal  with  the  spinal  nerves,  and 
thus  reach  the  vena  cava.  ( )thers  a*scend  to  enipt\'  into  the  branches 
of  the  jugular  vein  ^rithin  the  skull. 

While  little  attention  has  hitlierto  l>een  paid  to  diseases  of  the 
spinal  bloodvessels  and  to  the  results  of  endarteritis,  it  is  probable 
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that  these  play  a  large  part  in  the  production  of  various  forms  of 
spinal-cord  disease.  Since  the  discovery  of  the  characteristic  symp- 
toms of  syringomyelia  it  has  been  possible  to  diagnosticate  hemor- 
rhages within  the  gray  matter  of  the  cord  by  the  sudden  appearance 
of  similar  symptoms;  and  recent  pathological  study^  seems  to  indi- 
cate that  many  supposed  cases  of  myelitis  are  really  cases  of  softening 
in  the  cord  due  to  thrombosis  in  diseased  bloodvessels,  and  that  some 
forms  of  sclerosis  may  originate  in  obliterating  endarteritis  of  the 
peripheral  vessels  that  enter  the  posterior  and  lateral  columns  of 
the  spinal  cord.  It  vdW  be  necessary  in  the  chapters  upon  tabes  and 
upon  lateral  sclerosis  to  call  attention  more  particularly  to  endar- 
teritis as  a  possible  cause  of  some  cases  of  these  diseases. 

*  R.  J.  Williamson.     Manchester  Medical  Chronicle,  1895. 


CHAPTER    XII. 

ANTERIOR  POLIOMYELITIS. 

Acut€  Anterior  Poliomyelitis.     Infantile  Paralysis.     Clironic  Anterior  Poliomyelitis. 
Progressive  Muscular  Atrophy.     Ascending  Atrophic  Paralysis. 

Anterior  poliomyelitis,  infantile  spinal  paralysis,  acute  atrophic 
paralysis,  atrophic  spinal  paralysis,  or  regressive  paralysis  is  an  acute 
disease,  chiefly  observed  among  children,  but  occasionally  among 
adults,  characterized  by  sudden  complete  loss  of  power  in  one  or  more 
limbs,  usually  in  the  legs,  followed  by  rapid  atrophy  of  the  paralyzed 
muscles  and  by  an  imperfect  growth  of  the  limb  affected,  and  at- 
tended by  slight  pain,  but  not  by  any  permanent  sensory  disorder. 

Etiology.  The  disease  occurs  in  both  sexes  with  about  equal 
frequency.  There  is  no  history  of  its  being  inherited.  The  following 
table  demonstrates  that  the  age  of  maximum  liability  is  between 
the  first  and  fourth  years,  but  children  at  all  ages  are  liable  to  the 
disease,  and  it  occurs  in  adult  life: 

Table  IV. — Age  of  OMti, 


l«<  year. 

2d. 

3d. 

4M. 

hOi. 

6tA. 

lih. 

Wi, 

«A. 

lot 

SeeUgmUller, 

20 

25 

18 

1 

1 

2 

Galbr&ith, 

17 

88 

15 

4 

1 

Sinkler. 

44 

92 

55 

29 

9 

2 

3 

6 

0 

8 

Gowers, 

21 

21 

25 

9 

17 

4 

2 

6 

4 

0 

Starr, 

19 

52 

45 

23 

18 

8 

5 

2 

5 

4 

Total  cases, 

121 

228 

158 

66 

46 

16 

10 

14 

9 

7 

The  youngest  case  on  record  is  mentioned  by  Duchenne  in  a  child 
twelve  days  old,  and  Sinkler  has  seen  a  case  develop  in  a  child  at 
the  age  of  six  weeks.  The  youngest  patient  in  my  own  records  was 
five  months  old.  It  has  been  noticed  by  all  authors  since  the  time 
of  Barlow  (1878)  that  infantile  paralysis  develops  most  commonly 
during  the  warm  season.  This  is  especially  true  in  England  and  in 
America,  as  is  shown  by  Table  V.,  which  demonstrates  the  month 
of  the  year  in  which  cases  developed,  a.s  noted  by  Barlow,  Gowers, 
Sinkler,  and  myself: 

The  disease  has  occurred  in  epidemic  form  in  a  number  of  different 
localities  in  every  case  during  the  simimer.  Colmer^  first  recorded 
the  occurrence  of  the  disease  in  epidemic  form,  for  he  mentions  that 
in  a  village  where  he  saw  1  case  10  other  ca^^es  had  developed  during 
the  preceding  few  weeks.     Cordier^  published  an  account  of  an  epi- 

*  American  Journal  of  the  Medical  Sciences,  1843.  *  Lyon  medical,  1887. 
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demio  occmTing  in  Lviins,  France^  in  1S85,  He  saw  13  cases  de- 
veloping durhif?  the  niontlis  of  June  and  July  iii  a  small  town  of 
1500  people  wliere  in  other  year:^  the  disease  had  been  extremely 
rare.  Mediii  of  Stockliolm  dpscril>ed  nn  eindemic  of  the  disease 
occurring  in  the  months  of  August,  September,  and  October^  1889, 
44  cases  ha\dng  been  obsei*\Td  by  him  during  that  time ;  and  Rissler, 
who  examined  3  of  those  cases  [lost-mortera,  demonstrated  that  it 
was  a  true  anterior  |>oliom\^elitis.  Medin  mentions  that  a  small 
epidemic  had  occurred  in  18S1  in  the  town  of  Umea  in  Sweden. 
Leegard  obsen^ed  a  small  epidemic  in  Mundal  in  Norway  in  1890- 


Table  v.— Month  of  OtmL 

Iiat'Um.\  Oovfern.  Sinkter,       Siarr,  TMoi, 

January  ...                .        .      1  1  4                 8  9 

Ffbmary                                     ,0  1  3                1  5 

March      .                                       .4  1  9                 7  21 

April        ......      2  1  4                 3  10 

May 4  1  10                4  10 

JUD« .5  11  27                  7  50 

July          ......    16  13  62  SO  111 

August 11  13  65  48  1S7 

September 4  l&  29  34  82 

October  ...,.,      8  6  2&  13  47 

November 1  2  4                 5  12 

Deceinber 2  5  3               2  12 

^63  70  235  157  B15 

The  most  extensive  epidemic  of  the  disease  on  record  wa*s  described 
by  Caverly*  of  Rutland,  Vt.  It  occurred  between  July  20  and  Se])- 
ternber  20,  1895,  in  the  Otter  Creek  Valley,  within  a  radius  of  twelve 
miles  f>f  tiie  city  of  Rutland,  and  during  the  summer  an  unusual 
number  of  isolated  cases  of  tlie  disease  were  observed  tlu-ough  the 
State  of  Vermont,  Caverly  reports  144  cases  of  various  grades  of 
severity  developing  l>oth  in  children  aii(.l  adults,  children  belo\^'  the 
age  of  six  years  being  the  chief  victims/  Pieraccini"  observed  a  small 
ejiideiiiic  near  Fkirence,  Italy,  in  the  same  year  (1895)  in  Jul}'  and 
August;  and  Medin^  of  Stockhohn  has  recently  reported  a  second 
epidemic  in  Stockholm  in  the  year  1895.  The  occurrence  of  the 
disease  in  epidemic  fortn  is  exceedingly  suggestive  of  its  infectious 
origin.  In  contirtriatiori  of  this  hypothesis  it  is  to  he  noted  that  the 
disease  has  been  fre<juently  observed  in  connection  with  other  infec- 
tious diseases.  Thus  it  is  an  occasional  sequel  of  diphtheria,  menin- 
gitis, measles,  pneumonia,  scarlet  fever,  and  acute  malarial  poisoning 

Exposure  to  cold  or  to  a  sudden  check  of  perspiration  has  l>een 
supposcfl  tfj  hv  an  exciting  cause  in  certain  ctvses.  I  have  seen 
several  chiklren  who  were  attacked  with  infaotile  spinal  paralysis 
subsequent  to  long-continued  bathing  in  cold  water  during  the  sum- 
mer.    Traumatism  is  frequently  assigned  as  a  cause  by  parents,  and 

»  New  York  Medical  Record,  December  1,  1885. 

•  Lo  SperimeDtalc,  xlix.,  No,  27,  September,  1895, 

*  Nord,  Med.  Ark,,  1S96,  No.  X, 
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a  few  cases  are  on  record,  which  I  can  conform  liy  my  own  observa- 
tions^ in  which  the  disease  has  developed  immediately  after  a  severe 
fall  or  blow  on  the  liack.     In  some  ca^es  no  caitse  can  be  discovered. 

The  frequency  vdi\\  which  the  disease  apjx^iLrs  in  children  who  are 
learning  to  walk,  together  with  the  fact  that  the  symptoms  are 
located  nmeh  more  commonly  in  the  legs  than  in  the  arms,  lias  led 
to  the  supposition  that  a  functional  hyperremia  of  the  cord  in  its 
lumbar  region,  due  to  overexertion,  goin^  un  to  a  jjathological  con* 
gestion  and  hemorrhage,  may  be  an  etiological  factor. 

Patbological  Anatomy.  It  is  only  within  the  past  few  years  that 
the  exact  pathological  changes  occvuTing  in  infantile  spinal  paralysis 
have  been  acem'ately  described,  autopsies  having  been  recently  ob- 
tained within  a  few  days  of  the  onset  of  the  disease  and  at  longer 
interv^als  in  different  cases  up  to  the  state  of  clu-onic  permanent 
change  in  the  cord.  The  earlier  description  of  Charcot  was  based 
upon  cases  examined  only  in  the  chroiuc  stage  of  the  disease,  and 
this  fact  explains  the  discrepancy  between  his  observations  and  those 
of  modern  jiathologists. 

In  the  early  stage  of  the  disease  there  is  active  congestion  of  the 
spinal  meninges  and  of  the  gray  matter  of  the  spinal  cord  supplied 
l)y  the  branches  of  the  anterior  s|iinal  artery.  The  bloodvessels  are 
distended  and  some  of  the  capillaries  are  ruptured,  allowing  extrava- 
sations of  blood  cells;  the  perivascular  spaces  and  the  gray  matter 
of  the  cord  are  filled  with  emigrating  leucocytes;  and  there  is  a  con- 
siderable exudation  of  serimi.  The  serum  fills  the  l3'm]>h  spaces 
about  the  vessels  and  about  tlie  nerve  cells;  the  leucoc}i:es  infiltrate 
the  tissues  everj^v^here,  cluster  about  the  cells,  and  make  their  way 
into  the  cells.  There  is  a  great  increase  of  small  cells  and  nuclei 
throughout  the  neuroglia,  which  may  be  due  to  a  proliferation  of  the 
neuroglia  cells  or  of  the  endothelial  elements,  or  may  be  due  to  an 
emigration  from  the  bloodvessels.  This  infiltration  of  the  tissues 
with  leucocWes  and  nuclei  may  be  so  intense  as  to  obscure  all  other 
elements.  It  is  thus  evident  that  the  bloodvessels  and  the  neurogha, 
as  well  as  the  ganglion  cells  in  the  gray  matter  of  the  cord,  share 
in  the  pathological  process.  The  changes  in  the  motor  neurones 
(ganglion  cells)  are  very  marked.  All  varieties  of  degenerative 
changes  may  be  seen.  The  cell  may  have  a  cloudy  appearance  and 
be  slightly  swollen,  staining  more  deeply  by  reagents,  the  chromo- 
phile  granules  appearing  to  be  larger  than  in  the  normal  cells, 
as  seen  by  the  Nissl  stain,  and  the  nucleus  appearing  granular. 
This  is  shown  in  Plate  III.,  B,  A  further  stage  of  degeneration 
is  shown  by  the  fact  that  the  protoplasm  no  longer  absorbs  stains; 
the  cell  is  swollen,  has  lost  its  sharp  outline,  hiLs  a  homogeneous 
appearance,  and  the  nucleus  is  faint,  as  are  also  the  outlines  of 
some  of  the  dendrites.  It  Is  probable  that  in  both  these  stages  of 
degeneration  an  arrest  of  the  process  and  a  gradual  regeneration 
and  ft  return  t<>  the  condition  of  health  with  resumption  of  the  func- 
tion of  tlie  cell  is  possible.     If  the  process  of  degeneration  proceeds 
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beyontl  ihis  point,  however,  no  repair  is  possible,  and  the  function  of 
the  cell  is  forever  lost.  When  degeneration  h<^us  gone  on  beyond  the 
stage  hij^tt  descrilierl  the  cell  appears  to  be  changed  into  a  swollen, 
irregular,  or  s|»h*'rical  mass  of  material ;  its  protoplasm  beeon^tes 
cloudy  and  its  nucleus  is  not  visible,  if  stained  at  all;  the  chromo- 
phile  granules  have  lost  their  regular  arrangement  in  concentric  rings 

Fig.  55. 


Httmorrtiiigk'  auterfor  po  Horn  yell  Lis,  lumbar  region,  Tb^  KubetAnce  of  the  anterior  faom  has 
been  dlalntegmted  by  the  hemorrhage,  nnd  aU  the  coUs  deitrojred.  (SiemerliDg,  Arcb.  f.  F^eb., 
xxTl.,  p.  290.) 

aliout  the  nucleas  or  in  radiating  lines  toward  a  neuraxone,  and  the 
honiogetietnis  mass  is  seen  to  1m*  pernieiited  with  vacuoles,  the  den- 
dritr.s  having  flropped  off.  (Ser  Plate  III.,  c,  D.)  In  the  last  stage 
the  i)rotoj)Iasm  shrinks,  the  cell  body  being  reduced  vi^ry  materi- 
alty  in  size.  It  has  lost  its  [lolygonal  shai»e  and  become  no  larger 
than  its  originid  nucleus.  It  stains  <ieeply  and  lias  a  granular  appear- 
ance. During  thr^  later  stages  of  this  liegeneration  leucocytes  may 
be  observed  penetrating  the  jiericel hilar  s[>aces  and  encroaching 
upor)  the  cell  body.  Both  in  the  dendrites  and  in  the  neuraxone 
similar  degenerative  jjrocesses  may  be  observed  in  {>rogress,  and  they 
are  destroyed  before  the  eel!  undergoes  its  final  degeneration.  (See 
Plate  m.^^E.,  F.,  G.) 

Wdiile  in  the  majority  of  causes  there  is  a  parallel  degree  of  change 
in  the  interstitial  tissues  and  in  the  ganglion  cells,  so  that  there  is 
a  shrinkage  and  progi'cssive  dentruction  of  the  neuroglia  a^  well  as 
of  the  nerve  elements,  there  are  a  few  cases  in  which  the  cellular 
degeneration  is  attended  by  few  elianges  in  the  interstitial  tissues. 
The  degree  to  which  various  groups  of  cells  are  affected  varies  greatly 
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at  different  levels  of  tho  €ord,  and  in  soni*^  groups  a  lar^rer  iiuitiIkt 
of  cells  may  be  affeeted  than  in  others.  The  extent  of  the  paralysis 
and  the  degree  of  thu  piiralysis  in  any  one  nmscle  will  necessarily 
depend  upon  the  number  of  groups  of  cells  affected  and  upc*n  thf 
number  of  cells  destroyed  in  any  one  group. 

Fio.  54. 


PmiSBl  oofd  *l  sixth  <!vrvlcal  level,  imm  ii  ctise  of  lafnulile  panily»l«.  The  atrophy  ol  Uio  right 
ttatertor  born*  the?  exUtenoe  of  sclerotic  »c«r  tissue  In  the  hom,  as  weU  &t  tfae  abteDoe  of  Krou|«  or 
cella«  Are  shown.  The  left  Anterior  bom  l«  nomuii. 
The  result  of  the  atrophy  of  cells  aiul  of  the  nem-oglia  is  a  gradual 
shrinkage  of  the  entire  area  of  the  anterior  horn,  leading  secondarily 
to  a  collapse  inward  of  the  white  columns  surrounding  the  gray 
matter  and  of  the  nervrs  Kbn^  issuing  from  the  horn  through  these 
white  columns  into  tlu^  anterior  nerv*e  ro(»ts.  There  is  also  a  degen- 
erative atrophy  of  fibres  in  the  anterior  nerves.  Many  of  the  cells 
in  the  anterior  horns  of  the  cord  send  their  axones  to  the  antero* 
lateral  eolunm,  where  they  turn  upward  and  downwanl  to  pass  to 
cither  levels  and  terminate  in  the  anterior  horn,  thus  serving  to 
associate  the  action  of  different  eells  lying  at  different  levels  of  the 
eortl.  These  association  cells  as  well  as  the  mtvtor  cells  suffer  from 
degeneration,  and  hence*  there  is  a  secondary  tlegenerative  process 
in  their  axojies.  leading  t*)  a  shrinkiige  and  slight  sclerosis  in  the 
antero-lateral  column  of  the  cord  for  a  varying  distance  abive  an*! 
below  the  seat  of  the  lesioru  The  extent  of  the  lesion  in  the  gray 
matter  varies  in  various  cases.  In  some  causes  the  pathological  change 
is  strictly  limited  to  the  anterior  horn,  being  particularly  severe  in  ita 
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peripheral  region.  In  other  cases  the  central  gi'ay  matter  which  lies 
between  the  anterior  and  posterior  horns  is  also  affected.  It  is  in 
these  latter  cases  that  tlie  symi>tom  of  pain  is  marked  in  the  early 
Htage  of  the  disease,  and  the  growih  of  the  limbs  is  interfered  vnih 
in  the  cln^onic  stage,  the  central  gray  matter  of  the  cord  having  a 
closer  relation  to  the  growth  of  the  tissues  than  other  parts. 


Tta.  b5. 


Tbe  lesion  in  anterior  poliomyelitis  on  the  left  side  ;  entire  left  half  b  amall.  A,  rigbt  side. 
iionniU  ftutarinr  horn,  with  groups  of  cells  (a):  A\  left  sldOp  Anterior  liorn  wit  bout  cells,  in  etiite  of 
dcittriEation  ;  ft,  posterior  horn ;  c,  posterior  nerve  root ;  d,  posterior  septum  ;  e,  interior  commlg- 
aur« ;/,  posterior  commissure ;  ff,  anlerior  flsanre  :  h,  pymmltlAl  tract ;  i,  poiterior  column.    {Blocq.) 

The  majority  of  recent  pathologists  believe  that  in  anterior  polio- 
myelitis there  is  an  acute  inflammatory  process  limited  to  the  domain 
of  the  anterior  Sjjinal  arteries,  involving  botli  the  neuroglia  and  the 
ganglion  cells,  and  resulting  in  degeneration  and  atro|)hy  l:>oth  of  the 
interstitial  tissue  and  of  the  ganglion  cells.  A  few  observers,  among 
whom  Von  Kahlclen'  may  be  cited,  still  l>elieve  that  Charcot  was 
right  in  supposing  tliat  the  degeneration  is  limited  exclusively  to 
the  cells,  and  is  not  accompanied  l:>y  any  general  inflammatory 
process  in  the  interstitial  tissues.  In  a  number  of  ctises  the  expla- 
nation  of  the  origin  of  the  process  is  found  in  a  thrombosis  of  one 
of  the  branches  of  the  spinal  artery  or  in  a  hemorrhage  into  the 
anterior  horn. 

It  is  probal>!e  that  in  the  eases  that  are  due  to  infection  the 
lesion  is  one  of  acute  inflammation,  such  as  we  find  in  other  organs 
in  acute  infiammatory  infectious  diseases — e.  g.,  the  limg  in  pneu- 
monia, the  joints  in  rheumiUisni,  It  Ls  probable  that  in  the  cases 
in  which  there  is  an  onset  mthout  fever  or  evidence  of  an  infectious 

'   Oeatralblfttt  f,  atlgcm.  Path.  u.  Ftiih.  Aimt,  lS9-t,  vol.  v.  p.  729, 
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pfTOCess  the  lesion  is  a  primary  degeiieratioii  of  the  ganghori  cells  or 
is  due  to  hemorrhage  or  to  tliroiiibosis  in  a  spinal  vessc'L 

Symptoms.  The  diseiLse  usually  hep:ins.  like  an  aeute  infectious 
disease,  with  fever,  sometimes  attendeil  by  eonvulsions  and  delirium, 
sometimes  by  considerable  pain  in  the  baek^  body,  and  limbs; 
occxisionally  by  digestive  disturliances,  vomiting,  and  diarrhcea; 
sometimes  merely  by  general  malaise.  The  temperature  rises 
rapidly  to  102°  or  103°  F,,  and  the  patient  may  have  a  chill  fol- 
lowed by  sweating.  The  temperature  remains  about  lOl*^  or  102^ 
for  several  days,  with  slight  morning  remission,  then  gradually  sinks 
to  normah  the  entire  febrile  movement  rarely  lasting  mtire  than  a 
week.  Within  a  day  or  two  of  onset  paralysis  sets  in.  This  may 
be  in  both  legs,  or  in  both  arms;  rarely  in  one  liml)  alone,  or  in  all 
four  extremities.  If  the  child  is  young  and  is  confined  to  bed  by 
the  fever,  the  ])araly&is  Tuay  not  be  notict^d  until  the  second  or  third 
day.  Tn  older  cliildren  and  adults  the  fiaralysis  is  well  developed 
within  twenty-four  hours  of  the  onset.  It  is  observed  that  infants 
cry  a  good  ileal  during  tlu^  pei-iod  of  invasit^n,  and  tliose  who  are  old 
enough  to  complain  say  that  they  suffer  from  pain  in  the  back  and 
in  the  affected  limbs.  This  pain  may  remain  for  some  weeks.  Ocea- 
monaily  there  is  some  rigidity  of  the  spine  or  neck,  suggestive  of 
meningitis,  but  this  soon  subsides.  There  is  usually  im  disturbance 
of  the  bladder  or  rectum,  although  in  a  few  cases  retention  of  urine 
hii^  \m*n  noticed  for  a  few  ilays.  There  is  no  tendency  to  the  de- 
velopment of  bed-sores  or  of  trophic  changes  in  the  skin.  There  is 
no  comijlaint  of  numbnes^s  or  of  partesthesia,  and  there  is  never  any 
loss  of  sensation,  Init  tlie  limbs  are  S4:)metimes  painful  upon  any 
movement,  especially  in  the  joints. 

After  the  fever  with  its  attendant  malaise  and  digestive  disturb* 
ances  has  subsidetl  and  the  general  health  has  been  restored,  there 
remains  a  paralysis  na>re  or  less  extensive.  This  paralysis  is  usually 
more  extensive  at  the  onset  than  it  is  destined  to  be  permanently. 
Thus  the  child  niay  at  first  be  completely  helpless,  and  later  recover 
pcjwer  in  all  but  cme  limb;  or  the  trunk  may  be  paralyzed  at  the 
onset,  but  not  permanently  affecteih  Both  legs  are  commonly 
affected  together,  but  the  final  paralysis  is  lisually  limited  to  one 
limb.  Occasionally  the  neck  muscles  are  ihstinctly  wenk^  and  there 
maybe  difficulty  in  swallowing.  This  is  seen  in  cases  in  whirh  the 
arms  are  paralyzed,  and  yet  the  final  paralysis  may  affect  Init  one 
arm.  The  face  has  been  paralyzed  with  the  arms,  and  the  onular 
muscles  also,  but  either  is  a  rare  occurrence.  In  a  number  of  cases 
in  which  the  final  paralysis  has  been  limited  to  two  or  three  muscles 
the  original  paralysis  wtis  widespread,  involving  all  the  limbs.  The 
facts  shoulil  be  remembered  in  giving  a  prognosis  in  the  early  stage. 
Sometimes  the  onset  of  the  paralysis  is  not  sudden,  but  there  is  a 
gradual  increase  dining  a  week  or  ten  days,  then  a  stationary  period, 
and  then  a  regression.  The  suljsiflence  of  the  paralysis  begins  from 
a  week  to  two  namths  after  the  onset,  and  then  goes  on  steadily, 
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but  it  is  not  until  after  three  months  that  it  is  quite  possible  to 
determine  what  muscles  will  eventually  recover.  There  is  always  a 
certaie  amount  of  permanent  paralysis. 

The  muscles  wliich  are  juiralyzod  undergo  atrophy.  This  is  more 
rapid  and  complete  in  those  that  are  to  be  i^ermanently  paralyzed, 
and  there  is  a  change  in  the  size  of  the  limbs  which  is  well  marked 
within  a  month.  The  paralyzed  n)uscles  are  relaxed,  never  rigid, 
and  show  a  reaction  of  degeneration  to  the  etectrieat  tests.  The  re- 
action of  degeneration  consists  of  a  loss  of  the  resptmse  in  both  mus- 
cle and  nerve  to  faradic  stimulus,  and  a  loss  of  response  in  the  nerve 
to  galvanic  stimulus.  The  galvanic  reaction  of  the  muscle  remains, 
but  in  such  a  muscle  there  is  found  an  alteration  of  its  normal  con- 

¥lG.  56. 


Extreme  fttrophy  of  the  shoulder;  &rm,  nod  fon^rm  in  nti  aduU  who  BUflbrad  tmta  an  ftttuck 
of  infuiillle  purals-als  at  the  age  of  ihrea. 


tractility  to  galvanic  ciu-rents.  For  the  first  few  months  the  muscle 
responds  too  strongly  to  galvaiiism  and  contracts  under  the  positive 
pole  more  quickly  than  under  the  negative  poh*  when  the  ciirreot  is 
sent  through  it.  Ijater  the  ctintractility  to  galvanism  Ls  progres- 
eively  decreased,  until  in  a  totally  paralyzed  nmscle  it  ia  lost.  It 
may  be  stated  as  a  prognostic  sign  that  the  nniscles  in  which  the 
faradic  reaction  is  preserved  will  recover  though  i)aralyzed  for  a 
time  at  the  onset.  Such  muscles  alsn  preserve  tlieir  tone,  so  that 
they  contract  when  percussed  sharply  with  a  hammer. 
The  circulation  in  the  affected  liml)  is  considerably  impaired,  and 
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a)iplies  to  iilxiut  three-quarters  of  the  casejs  of  anterior  pijlioinyelitis. 
tliere  remain?!  (»ne-quarter  in  wliich  there  is  no  febrile  orLset.  Of  166 
eases  in  my  clinic,  120  bet^an  with  fever  and  46  began  without  fever, 
tinkler  re|)orted  178  with  fever,  40  without  fever.  In  these  eases 
the  chihl  wdiile  in  a  state  of  perfect  health  is  suddenly  paralyzed  in 
one  or  more  limbs.  It  pves  no  sign  of  pain,  it  does  not  app€*ar  to 
l)e  ill,  and  the  paralysis  surprises  the  niother  by  its  sudden  onset. 
In  these  cases  the  paralysis  is  soon  followed  by  atrophy  and  l>}'  vaso- 
motor paralysis.  It  is  not  attended  by  pain  (jr  tenderness  on  motion, 
and  usually  decreases  to  some  extent,  leaving  llie  limlij  however,  in 
part  permanently  paralyzed. 


Fig.  m. 


!/• 


Inlkntite  pAmlysia  and  alrophy  of  the  len  arm  two  yeara  after  ousel.    The  pftrtlaJ  luxation  of  the 
htimcruB  b  evident ;  ant  J  mIw  Uif  main  m  fjriffe- 

These  two  tyj>es  of  onset  of  the  disease  are  evidently  quite  distinct 
from  one  anotlnT,  and  their  patliologieal  basis  is  probably  different, 
as  htLs  been  already  stated. 

After  the  onset  is  over  there  is  a  slow  progressive  improveinent  up 
to  a  certain  |)oint,  and  then  tlie  pfrmanent  condition  of  paralysis  is 
found  to  vary  gi^eatly  in  different  vni:^^^. 


L 


The  location  of  tlie  paralysi.s  is  uj^uiilly  in  the  hj^gs,  and  here  two 
t>T)es  of  the  disease  may  be  recognized — the  leg  type  and  the  thigh 
type.  In  the  leg  type  the  peronei  alone  or  with  the  anterior  tibial 
muscles  are  eoniiiionly  ufTeeted,  although  the  posterior  tibial  group 
may  share  in  the  paralysis  or  may  even  be  as  fully  paralyzed  m 
the  others.  As  the  paralysis  remains,  deformities  of  the  ankle 
aiid  foot  will  appear,  tlie  form  of  talipes  developt'd  de|x*nding  upon 
tlie  mu^seles  chiefly  paralyzed.  In  the  thigh  type,  the  psoas  and 
iliaciis  muscles  and  the  glutei  anil  mu^?cles  about  the  thigh  are  those 
chiefly  affecte*],  the  muscles  on  the  inner  side  of  the  thigh  and  the 
muscles  below  the  knee  often  escaping.  In  these  cases  the  leg  hangs 
like  a  flail  from  the  body,  and  caiintit  sui>|>ort  the  weight  at  all. 
In  some  cases  nearly  all  of  the  muscles  of  tlie  lower  extremity  are 
paralyzed,  and  tlie  atrophy  is  uniform  throughout  the  limb.  In  these 
severe  eases  it  is  not  uneonirnon  for  the  muscles  of  the  back  and 
abdomen  to  share  in  tlie  jiaralysis  and  atrophy. 

When  the  arms  are  altarked  two  tyjjes  of  paralysis  have  been 
described,  the  uffper-ann  type  and  the  lower-arm  type.  In  the 
upper-arm  t\^>e  the  nmscles  about  the  scapula  and  the  deltoid,  the 
biceps,  and  supinator  tongus  are  paralyzed  and  atrophic,  and  conse- 
quently the  motions  of  tlie  shoulder-joint  and  elbow-joint  are 
seriously  hampered.  In  th(*se  cases  the  shoulder-joint  is  unduly 
movable  and  the  head  of  the  humerus  falls  out  of  the  socket.  In 
the  lower-arm  type  the  muscles  below  the  elbow  are  invaded,  the 
flexors  or  extensors  of  the  wrist  and  fingers,  or  both  together,  are 
affected,  the  supinator  longus  escaping.  In  utlier  cases  the  inter- 
assei  and  the  thenar  and  liy|>othenar  rtuiscles  of  the  hand  are 
paralyzed,  while  the  long  flexors  and  extensors  escape.  Occa- 
sionally a  combination  of  upi>er-ann  and  lower -arm  types  occurs,  in 
which  case  the  entire  extieinity  is  useless.  Thr  ui)|»cr  part  of  the 
trunk  is  occasionally  involveil  in  the  paralysis  together  with  the 
arms.  The  mascles  of  the  back  and  trunk  are  rarely  the  only  ones 
permanently  paralyzed. 

In  a  very  few  cases  the  entire  muscular  system  of  the  body  appears 
to  be  affected  by  this  disease;  lioth  legs,  the  trmik,  and  both  arms 
are  more  or  less  paralyzed:  but  even  in  these  c;ises  a  careful  exami- 
nation will  show  tltat  the  ilegre**  of  the  jiaralysis  and  atrojihy  is  not 
the  same  in  all  the  iTiascles.  The  relative  frecjuency  of  paralysis  in 
different  parts  of  the  body  is,shfjw^i  in  the  following  table  (Table 
VI /L  The  paralysis  is  rarely,  if  ever,  exactly  symmetrical  w^hen 
both  legs  or  both  arms  are  involved. 
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Table  VI, —  The  Diiirihutiou  of  F^snmment  Para/i/sis, 

Duchenne.^    SeenffmUUer,^    iMntder*      Starr.  Total. 

tkathlegn 9  14  107  64  184 

Rl^fhtleg.       ....    25  15  03  SI  184 

Left  leg     ....      7  27  62  37  1S3 

Rlghtami                              .6  9  5  11  90 

Left  arm A  4  d               B  28 

Bolb  anus               ...     2  1  1               5  9 

AH  exlremtaei       .       ,       .     r*  2,  35               9  51 

Arm  and  Jeg  same  side ,       .11  2  26               9  48 

Arm  and  1^  opposlie  dd(^  .2  1  1               6  10 

Trunk 1  ...  22  4  27 

Three  ex tnsmltlet  ,.,...  10              5  16 

In  adtlition  to  the  paralysis  and  atrophy,  there  is  a  loss  of  reflex 
action  at  the  level  of  the  lesion  in  every  ea>'5e.  The  skin  reflexes 
usually  return  after  a  time,  but  the  tendon  reflexes  are  absent  for  a 
long  period,  even  when  a  partial  recovery  of  the  muscle  involved  has 
taken  place.  Thus  the  knee-jerk  is  uniformly  absent  when  the  thigh 
mUaScles  are  ptiralyzed,  and  the  elbow-jerk  £md  ^vTist-jerk  when  the 
arms  are  affected. 

Sensation  is  jireserved  in  almost  every  case^  but  I  have  so  fre- 
quently observetl  a  peroianent  hj-persensitive  condition  to  painful 
impressions  m  the  paralyzed  limb  that  I  cannot  but  believe  that  the 
lesion  in  the  gi'ay  matter  affects  the  pain-sense  tracts  in  their  passage 
through  the  cord  at  the  level  of  their  entrance,  and  has  a  relation 
to  this  symptom.  There  is  marked  vasomotor  paralysis  and  lack 
of  vasomotor  rt^sponse  in  the  hmb  to  applications  of  heat  and  cold. 

Deformities  of  the  joints  are  a  common  sequel  in  infantile  spinal 
paralysis.  The  approximation  of  articular  sm^faces  is  secured^  in  part, 
by  the  normal  tenson  of  the  muscles,  especially  at  the  shoulder,  hip, 
and  knee,  and  hence  paralysis  of  the  muscles  controlling  these  joints 
is  attended  by  relaxation  and  a  greater  degree  of  mobihty  than  is 
normal.  Thus  the  head  of  the  humerus  falls  from  its  socket  when 
the  deltoid  is  paralyzed,  and  abnormal  extension  of  the  knee  b  often 
seen  in  the  upjperdeg  type  of  paralysis.  After  some  months  of  par- 
alysis the  muscles  which  are  tlie  natural  opjionents  of  the  paralyzed 
muscles  are  apt  to  become  permanently  contractured,  and  this  also 
occasions  deformities.  The  action  of  gravitation  on  a  flaccid  part  of 
tlie  liml)  combines  with  the  contracture  in  the  ca,se  of  the  foot  to 
increase  the  deformity  tliere,  and  hence  all  forms  of  talipes  may 
ensue  upon  infantile  paralysis.  Deformities  of  the  wrist  are  also 
observed,  but  these  are  not  common.  Curvature  of  the  spine  from 
paralysis  of  the  muscles  of  the  back  is  frequently  seen,  all  varietiej^ 
having  been  described.  Its  most  common  cause  is  the  shortness  of 
oiie  leg,  due  to  arrest  of  its  gixjwth.  Soch  curvatures  differ  from 
those  due  to  bone  disease  in  the  fact  that  they  do  not  persist  during 


>   Archivea  g€n.  de  M^.,  1864,  p,  38. 

«  Gerh&rdt's  Handbucb  d.  Kiaderkrankbeiten,  1880,  vol.  v.  p.  1, 

•  Keating'a  Cyclop,  of  Children's  Diseases,  1890,  voL  iv.  p  695 
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to  take  place  after  an  attack  nf  infantile  paralysis.  I^veii  in  the 
lightest  eases  there  is  usually  some  weakness,  slight  atrojjhy^  and 
euldness  left,  antl  une  or  two  muscles  will  l>e  jjarticularly  feeble.  Ie 
the  majority  of  cases  considerable  permanent  paralysis  remains,  re- 
quiring the  tise  of  apparatus  to  assist  the  action  of  the  limh  and  to 
prevent  deformities.  Death  has  occasionally  occurred  tkiring  the 
acnte  ojiset,  liut  is  very  rare,  and  once  this  stage  is  passed  there  is 
nothing  in  the  disease  to  threaten  life. 

It  is  the  chief  characteristic  of  the  atropliic  jjaralysis  in  this  disease 
that  it  selects  certain  inysrles  tu  the  exclusion  of  others.  This  selec- 
tion liears  no  relation  to  the  arrangement  of  iiiuseles  in  the  limb  or 
to  the  etaijinnt  action  of  muscles  in  |>roilucing  any  definite  move- 
ment. It  is  wholly  dependent  upon  the  arrangement  of  the  groups 
of  celts  controlling  the  muscles  in  the  anterior  liorns  of  the  spinal 
cord.  The  exact  localization  of  the  disease  can  be  determined  by 
referring  the  symptoms  in  any  case  to  Table  T  in  the  chapter  on 
the  Diagnosis  of  Spinal-4?ortl  Diseases,  page  173. 

Diagnosis.  There  is  no  difficulty  in  recognizing  the  disease^  and 
it  is  hardly  likely  to  he  mistaken  for  anythijig  else.  Occasionally  a 
child  will  be  attacked  ^\ith  acute  articular  rheumatism,  and,  on 
account  of  the  jjain  in  the  joints,  will  be  unwilling  to  move  the 
lirnljs,  and  thus  may  be  thought  to  be  paralyzed.  A  careful  exami- 
nation shoukl  soon  demonstrate  the  real  condition,  for  acute  rheuma- 
tism never  causes  any  atrophy  nr  paralysis,  and  the  local  tenderness 
in  the  joints,  the  sweating,  and  the  lack  of  coldness  of  the  limbs  may 
also  aid  in  the  diagnosis. 

Rachitis,  sometimes  caused  in  infants  living  in  healthful  and 
comfortable  surroundings  l>y  the  use  of  artificial  patent  foods  con- 
taining consirlerable  sugar,  may  lead  to  a  suddim  febrile  oitset,  with 
mucli  pain  and  tenderness  in  tJie  limbs  and  unwillingness  to  move. 
But  the  child  is  not  really  paralyaeiL  and  the  tenderness  of  its 
bones,  the  appearance  of  the  gums  and  the  sweating,  as  well  as  the 
lack  of  limitation  of  the  jmin  and  inun<»bility  to  one  or  two  limbs, 
shtmld  prevent  this  di2^ea>e  from  being  mistaken  for  infantile 
paralysLs. 

In  some  ca>es  of  anterior  poliomyelitis  theie  is  considerable 
pain  felt  in  the  limbs,  an<l  some  tenderness  of  the  surface  and 
of  the  muscles.  The  existence  of  pain  during  the  first  two  days 
of  the  ilisease  occasionally  leads  to  mistakes  in  diagnosis.  Thus 
Marsh'  records  a  case  of  a  child  aged  five  years,  who  was  suddenly 
attacked  with  pain  in  the  left  leg  extending  down  the  thigh  to  the 
knee.  The  limb  was  flexed,  abducted,  and  rotated  outward,  and 
any  motion  was  jjainful;  hc^nce  the  case  was  recorded  as  acute  iiip 
disease,  but  closer  examination  sliowed  the  hip-jtjint  to  be  quite 
freely  movable,  and  after  two  days,  when  the  pain  had  passed  away, 
the  case  was  found  to  be  one  of  infantile  jiaralysis.     The  fever  am! 

'    Lancet.  Jnnunry  16,  1897. 
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general  constitutional  disturbances  present  at  the  (insist  Innl  rendered 
the  diagnosis  olKsrure. 

In  painful  eases  it  has  been  suggested  that  a  neiu^itis  may  aeeoni- 
pany  the  poliomyehtis.  The  existence  of  pain  alone  is  not  sufficient 
to  warrant  tins  conclusion,  inasmuch  as  we  now  knou^  that  in  the 
early  stages  there  is  a  congestion  of  the  gray  matter  of  the  eoril 
which  is  sufficient  to  explain  the  pain.  If,  however,  the  pain 
continues  and  tenderness  develops  in  t!ie  muscles  aufl  nerves^  it 
is  proltable  that  a  neuritis  has  develo[>ed  due  to  the  sanu*  infectious 
agent  which  has  caused  the  poliomyelitis.  It  Ls  to  be  renjemlK»red 
that  polyneuritis  is  usually  a  disease  affecting  the  extremities  sMn- 
metrically  and  causing  droji-wrist  and  drop-foot;  that  the  distal 
parta  of  the  extremities  are  more  severely  paralyzed  than  the  prox- 
imal parts;  that  there  is  no  such  selection  of  nmscles  paralyzed  as 
in  poliomyelitis,  and  that  there  are  usually  sensory  disturbances  of 
a  permanent  nature,  anaesthesia  and  analgesia,  or  ataxia,  in  addition 
to  the  paiii  and  tenderness  along  the  nerves;  hence  in  the  acute  stage 
of  onset  a  polyneuritis  should  not  be  confounded  witlj  a  poliomye- 
litis. Wien  polyneuritis  accompanies  poliornyelitls  the  clinical  pic- 
ture ^ill  be  made  up  of  a  combination  of  the  symptoms  of  both 
affections  (see  page  110), 

A  localized  injury  of  the  brachial  plexus  (Erb's  paralysis),  causing 
paralysis  of  the  deltoid,  biceps,  coracobrachialis  anfl  supinator  lon- 
gus  is  not  uncommon  in  infants,  and  might  be  mistaken  for  infantile 
palsy.  The  history  of  trauma  during  delivery  and  the  local  ames- 
thesia  in  the  distribution  of  the  circumtlex  nerve  should,  however, 
correct  the  mistake  (see  page  61). 

Progmosis*  The  i>rognosiR  in  anterior  poliomyelitis  is  always 
grave.  Patients  do  not  often  die  of  the  affection,  but  they  rarely 
escape  a  permanent  paralysis  in  some  part  of  the  body.  It  is  true 
that  in  the  majority  tif  cases  the  original  paralj^is  subsides,  so  that 
there  is  an  apparent  improvement  of  a  considerable  degree.  Thus 
a  patient  who  has  originally  been  paralyzed  in  both  legs  may  recover 
the  power  in  one  leg  entirely,  and  may  be  left  \^ith  a  condition  of 
paralysis  in  the  peronei  or  in  the  anterior  tibial  group  of  the  other 
leg,  so  that  the  terminal  condition  is  very  much  less  severe  than  that 
at  the  onset.  As  a  rule,  the  limb  that  is  affected  never  entirely 
regains  its  power,  and  usually  shows  some  atrophy  and  shortening; 
for  the  growth  of  tlie  liinl)s  is  ham|u*red  by  the  existence  of  the 
disease,  and  licnce  in  a  growing  child  the  unaffected  limb  outgrows 
the  other.  It  is  thought  that  an  electrical  examination  may  afford 
some  ground  for  a  firognosis.  It  is  believed  that  the  nmscles  whicli 
respond  to  tlie  faradic  current  three  weeks  after  the  onset  of  the 
disease  will  eventually  recover,  while  those  that  fail  to  respond  to 
this  current  at  that  time  will  always  be  somewhat  impaired  in  power. 
The  loss  of  faradic  reaction,  however,  is  not  an  indication  that  these 
muscles  will  be  totally  paralyzed,  since  the  faradic  reaction  has  been 
known  to  return  in  a  muscle  a  year  after  it  hm  been  lost,  yet  such 
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a  nmscle  never  recovers  completely  its  size  or  power.  The  prognosis 
is  Jiioch  better  in  the  cases  which  begin  with  fever  than  in  those 
wliieh  do  not. 

Treatment.  The  treatment  of  infantile  spinal  paralysis  in  the 
acute  stage  consists  in  keeping  the  child  cpiiet  in  bed  and  applying 
a  mild  form  of  counter-irritation  along  the  spine,  which  is  best  done 
by  a  paste  of  mustard  1  part  and  flour  li  parts,  applied  in  a  poul- 
tice along  the  back  and  removed  a^  soon  as  the  skin  is  reddened,  and 
then  renewed  after  three  hours,  so  that  for  at  least  a  w^ek  there  shall 
i>e  continual  counter-irritation  wnthout  the  discomfort  of  a  blister. 
The  frequent  apj^lication  of  dry  cups  along  the  spine  may  be  used 
to  produce  the  same  effect.  Repeated  sponging  with  alcohol  and 
cool  water  is  indicated  in  the  eases  in  which  the  temperature  is  above 
101*^  F.,  but  phenacetin  or  antipwine  is  not  to  be  used  unless  the 
temperature  reaches  103°  F.  There  is  some  advantage  to  be  gained 
from  the  internal  use  of  ergot.  The  dose  of  ergot  is  10  minims  of 
the  fluid  extract  for  a  child  below^  the  age  of  two  years,  every  four 
hours,  and  2  minims  more  for  each  additional  year.  Iodide  of  potas- 
sium may  l>e  given  in  1 -grain  dose  in  the  early  stage,  and  moderate 
tloses  of  salicylate  of  sodium  (2.  gr.)  or  of  quinine  (^  gr.)  may  be 
used  for  a  ehilii  of  two  years.  If  the  child  is  in  much  pain  or  has 
convulsions,  bromide  of  sodium  (5  gr.),  with  or  without  codeine 
fVff  f^-)t  ni^^y  'i*?  employed  as  a  symi>tomatic  remedy.  The  general 
treatment  of  febrile  conditions,  a  light  diet  and  laxative^s,  is  not  to 
be  neglected.  The  best  laxative  is  castor  oil  5j>  glycerin  SJr  cin- 
namon-water TTLx,  given  with  an  equal  amount  of  lemon  juice  sw^eet- 
ened.  Rest  in  a  prone  jiosition  in  l>ed  is  l)etter  than  constant  lying 
ujHin  the  back- 

When  the  acute  stage  is  passe<l  there  is  little  to  be  done  during 
the  second  WTek  excej)ting  to  nourish  the  child  well  and  to  keep  the 
paralyzed  limb  w^arm.  Iodide  of  potassium  in  1-grain  to  3-grain 
doses  may  be  administered  three  times  a  day. 

When  the  paralysis  begins  to  subside  spontaneously  it  is  well  to 
administer  strychnine  in  full  dose,  ^^  ^*-  three  times  a  day  for  a 
child  of  three  years  of  age.  This  remedy  is  best  given  at  intervals, 
and  not  ci:mtinuously,  and  it  is  my  rule  to  use  it  for  one  week,  and 
then  to  intermit  for  tliree  days.  The  concUtion  of  ineehaoical  irri- 
tability in  unparalyzed  nmscles,  as  determined  by  percussion  with 
a  hanmier,  is  a  good  indication  of  the  degree  of  effect  being  pro- 
duced by  the  strychnine,  and  the  drug  may  be  increased  until  it 
causes  a  distinct  increase  in  this  irritability-  It  is  to  be  remem- 
Ix^red,  however,  that  twitching  of  the  limbs  or  stiffness  of  the  back, 
usually  indicative  of  an  effect  of  strychnine,  is  not  to  be  relied  upon 
in  infantile  paralvsis  when  the  muscles  are  paralyzed.  Whether 
general  tonics,  such  as  cod-liver  ui\,  liyp(ii>hosphites,  or  arsenic, 
have  any  effect  of  a  favoralile  kind  may  be  left  to  the  judgment  of 
the  ph}^ician  in  each  individual  case. 

The  most  important  indication  during  the  stage  of  regression  is  to 
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preserve  the  nutrition  and  function  of  the  paralyzed  muscles,  and 
this  is  to  be  attained  by  skilful  massa-ge,  by  hydrotherapy,  or  by  the 
use  of  electricity.  Mai^sage  is  of  the  utmost  importance  in  these 
cases,  and  should  be  given  once  or  twice  a  day  with  care,  combined 
with  8uch  attenipt.s  at  active  mcjvement  as  tlir  cliild  ie;  al)le  to  make. 
Among  the  poorer  classes  it  is  well  to  instruct  the  mother  liow  to 
give  this,  so  that  it  may  l^e  given  with  persistence.  The  massage 
should  not  be  of  the  hardest  kind,  and  yet  should  be  sufficient  to 
Btimulate  the  circulation  in  the  limbs  and  to  j^romote  the  lympliatic 
and  venous  flow.  Next  to  masaage  mechanical  devices  whicii  induce 
the  child  to  make  use  of  the  weakened  limb  are  U}  be  employed. 
A  household  g>Tjmasium  adapted  to  each  indi\ddual  case  can  easily 
be  devised  by  the  physician,  and  if  such  exercises  are  made  of 
the  nature  of  play  to  the  child's  imagination,  much  good  will  be 
derived  from  its  own  efforts. 

Hydrothprapy  is  also  an  important  aid  in  treatment.  The  general 
circulation  in  the  cold  and  flabby  limb  may  be  aided  by  warm  baths, 
and  it  is  my  rule  to  have  these  children  play  in  w^arm  water,  tempera- 
ture 99*^  F.J  for  half  an  hour  twice  daily.  This  warnj  l>ath  may  be 
followed  by  a  cooler  s[>onging  and  brisk  rulibing,  Imt  cold  water 
should  not  be  employed  in  the  bat  lung  of  these  children,  as  the  tem- 
perature of  the  paralyzed  limb  is  always  below  that  of  health,  and 
the  vasomotor  paralysis  {prevents  the  quick  reaction  which  is  so 
beneficial  in  other  conditions.  Proper  prot(*ction  of  these  limbs  by 
extra  flannel  clothing  is  always  advisable. 

Electricity  is  a  valuable  agent  in  the  treatment  of  infantile  paral- 
ysis, but  a  clear  statement  of  its  use  should  be  made  by  the  physician 
to  the  family.  Electricity  has  no  influence  whatever  n\mn  the  course 
of  the  disease.  It  does  n<it  affect  the  lesion  in  the  spinal  cord,  either 
to  decrease  the  hypera^mia  or  to  incrcii^e  the  nutrition  of  the  nerve 
centres.  Applications,  therefore,  of  galvanism  to  the  spine  are  al>so- 
lutely  useless.  But  ajiplications  to  the  muscles  may  be  of  distinct 
service  in  two  different  ways — flrst,  by  causing  their  contraction,  and 
thus  exercising  them  when  voluntary  exercise  is  impossible,  and, 
secondly,  by  promoting  the  chemical  changes  in  the  nmscle  that 
are  essential  to  g  o\\ih  and  nutrition. 

Examination  in  any  case  will  show  a  certain  number  of  nniscles 
in  the  paralyzed  limb  that  respond  to  faradism.  These  muscles 
will  eventually  recover  entirely^  3^et  the  tone  of  the  musele  and  its 
strength  can  be  kept  up  during  the  period  of  improvement  by  means 
of  exercise  with  either  the  faradic  or  galvanic  current.  It  is  quite 
well  i>rnven  that  just  as  exercise  of  a  healthy  arm  will  markedly  in- 
crease the  size  of  the  biceps  muscle,  so  appUcations  of  faradisui  regu- 
larly to  a  muscle  that  it  will  contract  will  increase  the  size  of  this 
muscle;  hence  to  the  weakened  muscles  which  still  respond  to  farad- 
iflm  an  application  of  the  faradic  current  for  about  ten  minutes  once 
or  twice  a  day  will  be  of  service.  The  majority  of  the  paralyzed 
muscles  do  not  respond,  however,  to  faradism,  and  it  is  time  wasted 
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to  apph^  the  faratlic  current  to  these  muscles.  They  do  respond,  as 
a  rule,  to  galvanic  interrupted  currents,  the  positive  pole  teing  placed 
over  the  niUBcle  and  the  negative  upon  the  limb  at  a  short  distance 
aliove.  The  interruptions  should  be  rna^ie  by  an  electrode  lield  in 
the  hand  and  provided  with  a  linger-key,  and  each  nuiscle  should  be 
treated  for  about  three  minutes  daily,  fifty  to  sixt}-  interruptions 
being  made  per  minute  by  the  finger.  The  strength  used  should  be 
tlie  least  wliich  will  secure  contraction  in  the  muscle.  When  inter- 
ruptions of  the  current  cio  not  |)roduce  a  prompt  response  alternation 
fjf  the  current  may  be  emijloyed  by  reversing  the  current  rapidly  by 
means  of  the  pole-changer  on  the  battery.  It  is  to  be  remembered 
that  in  tliis  disease  the  ajjplication  of  electricity  is  more  painful  than 
in  iierdth.  It  is  also  to  be  remembered  in  applying  electricity  to 
children  that  their  confidence  must  Ix*  gained,  and  that,  if  they  are 
frightened  at  the  fii-st  application,  subsequent  treatment  will  result 
in  a  continual  struggle.  It  is  my  custom,  therefore,  to  begin  a  course 
of  electrical  treatment  to  a  child  by  several  appUcations  of  the  sjjonges 
and  electrodes  while  no  current  is  ]>assing,  thus  acciLstoming  the  cliild 
to  the  apparatus  and  gairung  its  confidence.  After  two  or  tlu'ee  snt*ii 
aiJj)lications  it  will  be  possible  to  use  a  weak  current,  anfl  then  day 
by  day  to  increase  it.s  strength  until  by  the  end  of  ten  days  the 
necessary  strength  is  being  used  In  this  way  a  daily  struggle,  Tvith 
the  result  of  unsatisfactory  and  jiroltably  useless  ajjplicatioas,  can  be 
avoided;  and  the  parents' consent  obtained  toacoiuseof  treatment 
which  they  would  eventually  object  to  if  every  application  resulted 
in  a  struggle.  Any  intelligent  mother  or  nurse  can  be  taught  to  give 
the  galvanism  or  faradism  Ut  a  child  in  this  mamier,  and  it  is  l>est 
to  interest  the  attendant  in  the  treatment  from  the  Ijeginning,  and 
to  instruct  lier  carefnlly,  so  that  within  a  week  the  treatment  can  lye 
left  entirely  in  her  hands.  Such  an  application  of  electricity  is  to  be 
made  daily  or  twice  a  day  for  two  or  tln-ee  years.  Spontaneous 
recovery  will  liave  Ix'en  reachefl  at  the  end  of  the  first  year,  but  even 
after  this  time  these  muscles  may  be  brought  into  a  condition  of 
hyper! roj>hy  by  means  of  continued  exercise.  When,  however,  a 
cliild  is  quite  able  to  move  voluntarily  with  some  force  any  paralyzed 
muscle,  it  is  far  better  to  rely  upon  voluntary  exercises  than  upon 
electrical  appUcations.  If  no  effect  is  ol>tained  from  massage,  bath- 
ing, and  electricity  in  a  muscle  at  the  end  of  a  year  there  is  no  use 
in  cnntinmng  the  treatment  of  that  muscle,  as  it  will  never  recover, 
it.s  nerve  cells  being  entirely  destroyed. 

The  use  of  l^races  plays  a  great  part  in  the  treatment  of  infan- 
tile paralysis  in  the  chronic  stage.  It  is  to  be  remembered  that 
many  w^eak  muscles  can  do  their  work  only  w^hen  the  liinb  is  placed 
in  an  advantageous  position  or  when  they  are  assisted  in  their  action. 
Many  of  the  nmscles  have,  as  part  of  their  fmiction,  to  keep  the  joints 
in  place,  and  this  part  can  lie  su|>plipd  l\v  profjerly  adjusted  braces; 
hence  an  apparatus  may  enable  the  child  to  use  a  nmscle  or  to  move  a 
joint  that  it  could  not  ilo  if  the  joint  were  unsupported.    Again,  the 
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opponent  or  to  yield  to  the  iofluence  of  gravi 
hence  the  jtaraly^is  is  often  followed  by  deformity  if  a  brace  i.s  not 
ap]>lied  early  to  correct  this  tendency.  There  is  no  disease  in  which 
orthopeihc  a|*|>aratus  is  of  more  ser\'ice  than  in  infantile  [jaralysis, 
and  it  cannot  be  a|)plied  too  earlvt  as  it  may  prevent  the  develop- 
ment r»f  contractures  and  ui  deformities.  There  is  nostiige  in  which 
it  is  too  late  to  fit  a  Inaee,  for  even  if  these  deformities  liave  occurred 
tenotomy  may  be  employed  to  straighteri  and  adjust  a  joint,  and  then 
the  limb  can  be  fixed  by  the  brace  in  a  proper  position.  But  ever}' 
case  has  to  be  treated  skilfully  in  accordance  with  its  own  condition, 
and  the  ready-mad(*  braces  of  the  slumps  are  often  worse  tluui  none. 
Hence  for  each  ciise  a  siieeiid  af»paratus  must  l}e  fitted  under  the 
(Urection  of  an  orthopedic  surgeon,  and  it  is  to  be  remembered  that 
in  a  growing  child  such  apparatus  must  be  constantly  readjusted,  its 
length  and  size  being  changed  from  month  to  rnoutli  in  accordance 
with  the  development  of  the  limb. 

In  many  cases  of  deformity  where  there  is  a  strong  contracture  of 
a  fairly  healthy  muscle  ovt^rcomirig  the  weak  paralyzed  muscle  the 
(luestioTi  of  tenotomy  will  arise.  Such  tenotomy  will  of  course  result 
in  a  temporary  replacement  of  the  deformed  joint  to  its  natural 
position,  but  unless  the  joint  can  be  held  by  a  Imice  in  this 
position,  tenotomy  alone  will  be  of  no  permanent  service.  Hence 
tenotomy  is  only  to  l>e  regarded  as  a  preliminary  in  some  crises  to 
the  jiro|>er  apjiUcation  of  apparatus.  Apparatus  has  also  been  fle- 
vised  (t^specially  in  the  treatment  of  infantile  paralysis  of  the  hands) 
by  means  of  which  weakened  muscles  may  be  reinforced  by  elastic 
bands  so  applied  as  to  take  the  place  of  the  paralyzed  muscle.  Thus 
a  rlropped-^Tist  or  a  paralysis  of  the  extensors  of  one  side  tjf  the 
wtIsI  can  l>e  somewhat  relieved  by  a  series  of  ehistic  bands  attached 
to  finger-tijis  or  to  rings  anil  to  the  elbow  and  rumiing  through 
a  bracelet  at  the  wrist.  Dro|>|>ed-foot  ma}'  also  be  similarly  reme- 
died. Such  devices^  however,  are  usually  discarded  after  a  time,  as 
they  are  more  cumberscmie  than  useful.  Apparatus  is  especially 
apiilicable  to  spinal  curvature  of  the  paralytic  type,  and  in  any  C4ise 
in  which  the  body  or  back  muscles  are  involved  at  the  onset  it  is 
well  for  the  child  to  wear  a  corset  in  order  to  prevent  the  develop- 
ment o(  some  form  of  curvature.  A  thick  cork  sole  unll  prevent  the 
curvature  due  to  a  short  leg. 

It  has  been  proposetl  to  (livide  longitudinally  tendons  of  certain 
healthy  mascles  and  attach  one-half  to  the  severed  tendons  of  par- 
alyzed musclc*s  al»out  the  knt^e,  ankle,  wrist,  and  ell)0w,  in  order  that 
the  healthy  niiLscle  may  be  made  to  do  the  work  of  the  muscle  which 
is  paralyzed,  and  many  successful  attem{)t>s  iu  this  direction  have 
been  reported.  I  have  seen  in  a  case  of  paralysis  of  the  i>eronei, 
pennanent  benefit  in  a  remarkable  degree  by  this  method  of  treat- 
ment, in  which  a  j>art  of  tlie  i>osterior  tibial  tendon  was  attached 
to  the  cut  peroneus  iongus  tendon.     I  have  also  seen  paralj'^is  of  the 
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anterior  tibial  muscle  relieved  by  attaching  its  tendon  to  the  tendon 
of  the  long  iieroneal  muscle.  I  have  seen  paral3'i$is  of  the  soleus 
improved  by  attaching  its  tendon  to  the  deep  muscles  beneath  it, 
and  I  have  seen  several  cases  of  great  improvement  in  movements 
of  the  fingers  and  wrist  by  attaching  the  tendons  of  paralyzed  muscles 
to  those  which  were  healthy.  This  is  a  method  of  rehef  which  is 
rational  and  desen^e-s  wide  adoption/ 


OHRONIO  AKTERIOE  POLIOMYELITIS. 

Oliromc  AtropMc  Paralysis,     Progressive  Musctilar  Atrophy; 

History.  A  condition  oi  |>rngressive  jiaralysis  with  atrophy  was 
first  described  by  Sir  Charles  Bell  in  1S36;  it  was  not  referred  to  a 
lesion  of  thesj>iDal  cord,  however,  until  1850,  when  Aran^  stuthed 
it  carefully.  His  statements  were  added  to  by  Duehenne  in  1853, 
But  the  form  of  progressive  atrojjliic  jiaralysis,  termed  progressive 
muscular  atrophy  of  Aran-Duchenne,  was  soon  found  to  be  but  one 
of  several  iyjieB  of  the  disease,  Duehenne  in  1K53^  described  another 
type,  whicli  he  named  pambf^ie  g^n€rale  anUrienre  subdigue  asceU' 
dante,  a  disease  begiiming  with  paralysis  and  atrophy  in  the  legs, 
and  gradually  invading  the  trunk  and  the  arms,  and  finally  causing 
death  from  respiratory  {laralysis.  For  many  years  aU  cases  of 
chronic  atrophic  paralysis  were  referred  to  these  two  elates,  and 
were  supposed  to  have  as  a  basi^  an  affection  of  the  anterior  gray 
matter  of  the  cord. 

But  between  1860  and  1870  numerous  cases  of  atrophic  paralysis 
were  reported  in  which  no  spinal  lesion  was  to  be  found.  ^\Bd 
gradually  it  became  evident  that  some  forms  of  this  disease  were 
dependent  entirely  upon  changes  in  the  nuiscles.  To  Friederich* 
and  the  German  school  must  he  given  the  credit  of  separating  the 
muscular  dystrophies  from  tlie  fornis  of  sjiinal  paralysis. 

In  1872  Charcot^  and  the  French  school  discovered  amyotrophic 
lateral  sclerosis  and  showed  the  fhfferences  between  it  and  pro- 
gressive muscular  atrophy.  And  finally  in  1882  Dejerine  and  others 
brought  forward  many  facts  to  prove  that  iiumeroius  eases  formerly 
supposed  to  be  due  to  spinal  lesions  were  really  due  to  multiple 
neuritis  (see  page  117). 

A  chronic  atrophic  j>aralysis  characterized  by  a  slowly  i)ro- 
gressing  weakness,  and  atrophy  beginning  in  one  part  of  the  buily 
and  advancing  to  another  part,  may  occur  under  the  foUon^ing 
conditions: 

Fii-st:  Chronic  anterior  pohomyelitis. 


»  Tubby.     Laticet,  March  28»  1903. 

*  Aroh.  g&n.  de  Mdd.,  xxiv.  42. 

'  Traitfi  del'EltJctrotherapie  localisde- 

*  Ueber  progjeasive  MuBkelalrophic.     Berlin,  1873. 

*  Legons  sur  les  raaJadiee  du  systome  nerveux.     Paris,  ISSO,  ii.  192. 
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Second:  .Viiiyotru|)liic  lateral  selcinsiy,  ia)  bep;ianing  in  the  Hpinal 
cord  and  ascendieg  to  the  medulla  and  pons;  (h)  l>e|pnning  in  the 
medulla  and  pons  as  bulbar  paralysis,  and  descending  to  the  spinal 
cord, 

Tliird:  Multiple  neuritis. 

Fourth:  Muscular  dystrophy. 

In  the  ])resent  chapter  attention  will  be  confined  to  chronic  anterior 
poliomyelitis,  other  conditions  causing  atrophic  paralysis  being  con- 
sidered elsewhere. 

Pathology.  The  pathological  changes  present  in  this  disease  con- 
sist of  a  slowly  advancing  atrophy  in  the  primary  motor  neurones 
of  the  cordy  cell  boches,  demirites,  and  axones  degenerating  together. 
These  cells,  as  already  stated  (p.  171),  lie  in  groups  in  the  anterior 
horns  and  in  the  centra!  gray  matter,  and  the  lesion  affects  these 
groups  in  different  degrees. 

We  have  several  clinical  types  of  chronic  anterior  poliomyelitis, 
due  to  the  fact  that  the  lesion  may  l>egin  in  different  parts  of  the 
spinal  cord. 

In  the  first  type  th*^  atrophy  liegins  in  the  lower  groups  of  cells  of 
the  lumbosacral  region,  and  extends  to  all  the  grouj>s  in  the  lumbar 
enlargement.  The  paralysis  begins  in  the  |>eronei  and  anterior 
tibial  grouj>s  of  muscles,  then  advances  to  the  adductors  of  the 
thigh  and  glutei,  and  finally  invades  all  the  muscles  of  the  legs,  but 
does  not  extend  to  the  arms. 

In  the  second  type  of  the  disease  {Duehenne's  subacute  ascending 
paralysis)  there  is  a  progressive  atrophy  of  the  ceUs,  beginning  in  tht- 
lumbosacral  region  and  advancing  gradually  up  the  cord  until  !ill 
the  motor  cells  are  involved.  The  cells  in  the  sacral  region,  in  which 
the  lesion  begins,  sliow^  a  more  advanced  and  complete  atrophy  than 
thtTse  in  the  cer\-ical  region,  though  at  the  end  of  the  diseiise,  in  Ciise 
the  patient  is  not  carried  off  by  some  intercurrent  affection,  a  large 
majority  of  the  cells  of  the  anterior  horns  have  disappeared. 

In  the  third  t^^ie  (the  f}rogressive  muscular  atrophy  of  spinal 
origin  of  Aran-Duchenne)  the  atrophic  process  is  hmited  to  certain 
groups  of  cells  in  the  cer\ncal  region  of  the  cord,  especially  in  the 
first  dorsal,  eighth  and  seventh  cervical  segments  which  govern  the 
hands.  After  it  has  progressed  to  a  considerable  extent  in  these 
s^ment^,  the  groups  of  cells  in  the  fifth  segment,  w^hich  control  the 
deltoid  muscle,  and  the  adjacent  groups  controlling  the  biceps, 
coracobrachialis,  and  supinator  loiigus  muscles,  become  affected, 
and  then  finally  all  the  groups  of  the  cervical  enlargement  are 
attacked  by  the  disease.  Later  the  same  lesions  appear  in  the 
lumbar  region  in  the  various  groups  of  cells,  and  the  parah^is 
extends  to  the  legs. 

The  lesion  in  all  these  typ^  is  similar.  The  difference  in  the  chnical 
8ynii}toms  is  wholly  due  to  the  difference  of  location,  <liflerent  groui»s 
of  oells  being  first  attacked  or  progressively  in\'aded  m  the  tliree 
types  of  case.    The  difference  between  the  subacute  and  elu^onic  cases 
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is  only  the  differeiu-e  of  rapidity  in  progress,  and  no  hard-and-fast 
linr  can  \w  drawn  iM'twncn  tlie  two. 

The  exact  lesions  in  tliese  affections  consist  in  changes  winch  are 
only  visible  t€  the  inicrnscoi)e.  There  is  no  ilefin-niity  or  atrophy 
of  the  spinal  cord  on  insjiection,  and  there  is  no  change  in  the  mem- 
branes of  the  eonl.  The  antorit^r  nerve  roots  rnay  aiJiiear  to  Ix' 
slightly  atro[>hied,  and  are  liable  to  t<*ar  more  ea,sily  in  the  process 
of  extraction  of  the  cord.  On  microscopic  examination  there  is  not 
to  be  seen  any  congestion  of  the  cord  or  any  exndation  of  cells  within 

Fig.  60. 


The  anterior  horn  In  the  himtjaj-  reglmi  iti  a  ca»u  of  cbrotile  niLturUir  pollomyelUlft.    Totai  dtsap^ 
fieaninc^e  of  the  cells,  and  thtonlng  of  the  network  of  fibres  wabin  the  bom.  (OpyienheLm.) 

the  substance,  but  a  siniple  progressive  atrophy  in  various  stages 
in  tin*  cells  of  the  anterior  horns  and  of  tlie  central  gray  matter. 
Tliere  is  no  l>reaking  of  tlie  dendrites,  no  swelling  of  the  axones,  no 
intracellular  vacuohzation,  no  hernia  of  the  nucleus,  and  no  diffuse 
chromatolysis.    Then*  is  rm  trace  uf  capillary  henif^rrhages. 

The  cell  remains  with  all  its  diaracteristics,  but  is  simply  shrunken. 
In  the  early  stage  tlic  Ixnlv  of  the  cell  is  small  and  its  nucleus  is 
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difiiinisheci  in  voluine,  but  the  cell  retains  its  polygonal  form,  merely 
becoming  too  small  for  its  lymphatic  space.  It«  ehromatophile 
p-aniiles  appear  small,  almost  Hke  a  ma^s  of  dust  within  the  cell, 
and  rnay  be  tliicker  about  the  nucleus  or  in  the  periphery.  Collec- 
tions of  [figment  in  the  cell  appear  in  large  quantity.  Little  by 
little  the  cell  iliminislirs  until  the  only  thing  left  is  a  round  cellular 
nucleus  with  a  .small  nucleolus  or  a  mass  of  pigment  granules.  (See 
Plate  IIL,  F.  G  j  The  legion  attacks  not  only  the  large  and  small 
cells  which  give  origin  to  the  anterior  nerve-root  fibres^  but  also  the 
large  and  smalt  cells  which  give  rise  to  tlie  association  fibres  passing 
into  the  antero-lateral  cohnnn  of  the  spinal  cord.  The  cells  of  the 
column  of  Clarke  are  not  affected. 

As  a  conseifuence  of  this  atrophy  of  the  cells  tliere  is  a  correspond- 
ing atrophy  and  disapjHmrance  of  their  dendrites  and  axones.  As 
the  dendrites  disa])pear  the  fine  plexus  of  fibres  in  tlie  gray  matter 
becomes  less  noticeable  .^i?  the  axouf^s  atrophy  there  is  a  shrink- 
age in  the  antero-lateral  tracts  of  the  cord  due  to  a  disappearance 
of  the  anterior  motor-root  fibres,  and  also  «>f  the  association  fibres 
that  pass  to  other  levels  of  the  cord.  The  atrophy  of  the  fibres 
witliin  this  colmnn  is  diffuse,  fibres  here  and  there  through  the  entire 
antero-lateral  column  being  found  atrophied;  hence,  atthnugh  no 
lesion  is  apparent  by  the  W  eigert  stain,  the  Marchi  iiietiiod  reveals 
this  fliffuse  degeraTatiorL  A  picmcarniine  stain  deiiiotistiates  very 
sUght  sclerosis  of  tlie  antero-lateral  colunm  adjacent  to  the  anterior 
horn  of  the  cord  on  all  its  sides.  The  otlier  tracts  are  normah 
There  is  marker!  degeneration  ami  atrophy  in  the  anterior  nerve-root 
fibres  and  in  the  nerves  to  their  termination  in  the  muscles.  There 
is  a  simple  atroj)hy  of  the  muscular  fibres  in  the  nmscles  wiiich  are 
paralyzed.  This  atrophy  consists  of  a  granular  disintegration  or 
a  disintegration  of  the  muscles,  with  fine  fatty  dej>osits  and  dis- 
ai)pearance  of  striation  and  a  simple  atrophy  of  the  muscular  fibres. 
Occa^ionally  a  single  hypertroplued  muscular  fibre  may  be  found.* 

Symptoms.  The  smiptoms  of  chronic  anterior  iHilioniyelitis  fliffer 
in  the  different  tyi)es  of  cases.  Firsts  hi  chronic  ascending  paralysis 
we  have  a  slowly  advancing  paralysis  Ijeginning  in  the  peroneii 
nmscles,  first  in  one  leg,  but  within  two  or  tliree  months  of  the  onset 
appearing  also  in  the  other  leg  and  causing  a  sensation  of  weakness 
in  walkings  with  a  tendency  to  dropping  of  the  feet.  The  paralj^is 
corresponds  exactly  with  the  degree  of  atrophy  present.  After  some 
months  the  weakness  a|*pears  in  the  anterior  tiliial  group  of  musclea, 
and  then  a  fully  ileveloped  ilroji-foot  aiifH^ars,  The  |>atient  walks 
with  diflSculty  and  stej)s  high  in  order  to  avoid  stumbling  over 
his  toes.  Any  dorsal  flexion  of  the  foot  is  imixissible  when  the 
patient  is  lying  down,  and  w^hile  standing  he  cannot  lift  the  toes 

J  Becent  rimt*^  wifli  carpful  pathologjeiil  obnervaficiiia  in  this  di»eaiie  hmve  been  ith> 
norted  by  PhilJipe  and  C^^esfton  before  the  Nouralogical  Section  of  tho  latematioiud 
MedicAl  Congress.  Pari^,  1900;  tdao  by  Rii>'mond  and  Eiektlng  at  the  atuoae  Congreaa; 
And  by  J.  B.  Charcot,  Thfese  de  ParU,  1892. 
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from  the  Hoor.  Tlie  paralysis^  and  atropliy  go  on  little  l^y  little^ 
mea.snrenient.s  showing  a  rediirtion  of  perliaps  (H)e-qnarter  of  an  inch 
every  niontli  in  the  calf.  The  oiechanieal  excitahihty  of  tlie  muscles 
is  tlimiiushecl,  but  not  lost,  and  there  is  very  often  a  fine  fibrillary 
twitching  in  the  muscles,  causing  a  wave-like  movement  of  the  skin, 
especially  when  the  muscles  are  expo.sed  to  cold  or  are  percusse<i. 
ratieiit.s  may  perceive  latigue  tin  shglit  exertion  ami  may  have  slight 
muscular  pains  in  the  leg,  but  they  have  no  sharp  pains  and  abso- 
lutely no  seiii^ory  disturbances.  Ait^r  several  months  the  paralysis 
advances  to  the  adductors  of  the  thigh  and  to  the  glutei  nmscles. 
Then  walking  becomes  even  more  diltieult,  going  up  stairs  becomes 
iniiHissil>!e,  and  it  is  with  ditHculty  that  the  patient  rises  from  the 
chair.  In  one  case  still  under  my  observation  two  years  e!apse<l 
lx*fore  tliis  stage  was  reached.  Then  about  simultaneously  the  pos- 
tc^rior  tibial  niu.Hcles  of  the  leg  and  the  anterior  muscles  of  the  thigh 
are  invaded^  and  also  the  psoas  and  iliacus  nmscles,  and  when  the 
paralysis  in  these  muscles  is  a<lvanced  to  a  moderate  dc^gree  the 
|>atient6  are  no  longer  alile  to  walk.  The  measurement's  of  the  legs 
are  by  this  time  retluced  several  inclit^s,  and  not  uncommonly  the 
atrophy  liecomes  extreme.  The  legs  feel  rather  cold  to  the  touch, 
but  there  is  rarely  any  anlema,  ami  there  is  no  tentlency  to  lied-sores. 
The  (Usease  may  not  go  beyoial  this  point,  and  for  years  the  [>atient 
may  live  in  a  state  of  j)araf>!egia.  There  is  no  tendency  to  any 
affection  of  the  liladder  or  rectum,  and  the  nmscles  of  the  back  may 
escape. 

In  the  second  tyjje — Duchenne's  ascenrhng  paralysis^there  is  a 
tendency  to  progression  upward  of  the  affection.  The  muscles  of  the 
back  and  trunk  liecome  involved,  the  patient  can  no  longer  sit 
upright  in  bed  or  on  a  chair,  and  usually  the  muscles  of  the 
shoulders  and  of  the  hands  become  invaded  simultaneously,  and 
inaliility  to  use  the  upper  extremities  gradually  develops.  The 
course  of  the  atrophy  of  these  cases  may  be  quite  similar  to  pro- 
gressive niascular  atrophy  of  the  Aran-Ducherme  ty[>e,  and  finally 
bulbar  paralysis  may  ensue.  These  patients  commf>nly  die  of  some 
intercurrent  disease,  pneumonia  being  the  most  common  cause  of 
death,  especially  if  the  res|)iratory  muscles  become  afTecteiL 

The  third  t}^ie  of  chronic  anterior  poliomyelitis  is  the  type 
described  by  Aran  and  Duehenne.  The  patient  first  notices  an 
inability  to  move  the  muscles  of  the  thuml)  of  one  liand,  adduction 
being  imperfect.  Almost  simultaneously  there  is  a  paralysis  of  the 
abductor  indicis,  and  consequently  the  jnitient  cannot  se])arate  the 
forefinger  from  the  middle  finger.  The  paralysis  of  these  small  mus- 
cles is  noticed  in  the  finer  movements  of  writing,  playing  the  piano, 
buttoning  the  clothes,  or  jjicking  up  small  ol)jects,  and  this  disability 
is  the  first  thing  which  attracts  the  patient  ^s  atteiition.  As  the  disease 
goes  on  the  jmralysis  extends  to  the  other  fine  musch's  of  the  hand, 
the  interossei,  lumbricales,  and  the  muscles  moving  tlie  little  finger. 
And  parallel  with  tla*  paralysis  there  is  an  atrophy  in  all  these  mus- 
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cles,  causing  a  flattening  of  the  thenar  and  Inpothenar  eminences  and 
a  distinrt  tjvinning  of  the  hand,  |>roduring  a  sulcus  upon  its  riuter  side. 
The  tluuul)  can  no  longer  be  touched  to  the  tip  of  the  fingers,  and,  as 
the  interos.Hei  are  Ht^xors  of  the  first  phalanx,  flexion  of  the  fingers 
is  confined  to  the  second  and  tliird  phalanges;  ttie  hand,  tlierefore, 


Fio.  fil. 


HAbfl  and  l^ireann  iu  chrotnic  tpln&l  mUBcular  atrophy,  showing  tspecUIJy  waiting  of  the  thenar 

and  bypoiben»r  t»ml ncncea.  audi  of  the  abdnctor  indicia,    (Dcrcum. ) 

cannot  i>e  closed  firnilw  A  charactiTistic  abnormal  position  is  soon 
assumed  by  the  hand  as  a  result  of  this  paralysis  of  the  interossei. 
They  no  longer  aff<>rd  any  ^ijiposition  to  the  long  flexor  and  extensor 
muscles.  The  long  flexors  flex  the  second  and  third  {ihalanges,  the 
long  ext-ensors  extend  thr  first  phahmx,  henee  the  hand  is  thrown 

Fto.  91. 


Atrophy  and  pamlyais  wiUi  main  cn  grifft  In  chronic  anterior  poUomycUtU. 


into  a  position  called  main  en  griff e  or  claw-hanrl.  (S<*e  Fig.  62.) 
And  as  the  interasseii  are  much  atrophied  the  tendons  of  the  long 
muscles  stand  out  upon  the  hand,  forming  distinct  cords  which  may 
be  felt  and  si-'en.  At  the  same  time  a  paralysis  (»f  the  tlienar  nius- 
eles'results  in  a  hy{K»rextenj?ion  of  the  fii^t  phalanx  of  the  thumb, 
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with  some  rotation  outward,  so  that  the  ball  of  the  thumb  Is  ii 
plane  paratleUxitli  that  of  the  palm. 

As  a  rule,  one  hand  is  invaded  some  months  before  the  other,  and 
in  several  cases  I  have  seen  the  disea.se  come  to  a  s^tariilstill  when 
only  one  hand  was  affected;  l>ut,  as  a  rule,  lliere  is  a  tendency  to  a 
gradual  progress  of  tlie  paraly^^is  and  atrophy,  until  both  hands  are 
almost  useless.  In  one  c^ise  tliree  years  elapsed  before  this  condi- 
tion was  reached.  But  before  this  stage  is  reached  a  progressive 
atrophy  ai)])ears  in  the  deltoids,  first  in  one,  and  then  in  the  other 
shoulder.  In  consequence  af  this  paralysis  alxluetion  of  the  arms 
above  the  horizontal  line  is  impossible,  and  when  the  patient  is 
stripped  it  is  evident  that  almost  all  abduction  of  the  arm  is  produced 
by  rotation  of  the  siioulder-blade  by  the  serratus  magnns  nuLsde. 

The  |>aralysis  then  extends  from  the  deltoid  to  the  biceps,  l>rachi- 
alis  anticus,  and  supinator  loTigus  nmscies.  Tlie  supraspinatus  and 
infraspinatus  are  also  affected,  producing  a  njarked  atrophy  about 
the  sliouliler-bhide,  and  later  the  teres  and  sobscapularis  become 
affected.  In  this  condition  the  {>atient  is  coinj)letely  paralyzed  in 
the  arms  J  which  hang  like  flails  at  tla^  side,  and  are  of  very  little  use, 
flexion  at  the  ellxjw  being  impossible  by  voluntary  eflTort. 

As  the  tUsease  progresses  beyond  this  ]:)oint  the  atrofjhy  attacks 
the  muscles  of  the  body  about  the  shoulders.  The  serratus  mag- 
nus  is  i)aralyzedj  ami  then  the  slioulder-blade  sticks  out  from  the 
side  t»f  the  ijody  like  a  wing.  The  rhomljoids,  the  levator  anguli 
scapuUe,  and  the  lower  half  of  the  trapezius  become  paralyzed,  the 
shoulder-blade  cannot  l>e  moved,  and  the  muscles  of  the  back  become 
so  atrophied  that  all  the  bones  are  visible.  Even  in  the  extreme 
cases,  howtn^er,  certain  muscles  escape  for  stjnie  unknown  reason — 
namely,  the  upper  part  of  the  trapezius  between  the  occipital  bone 
and  the  clavicle,  the  triceps,  latissimus  dorsi,  and  the  lower  half  of 
the  pecioralis  major.  As  these  nuiscles  stand  out  in  contrast  to  the 
atrophied  nmscles  about  tliem  and  contract  because  of  the  lack  of 
opposition,  deformity  of  the  shoulders  and  (*f  the  neck  is  quite  evi* 
dent. 

As  the  disease  extends  the  muscles  of  the  neck  are  next  invaded, 
and,  as  these  hold  the  head  in  an  erect  posture,  gravitation  leads  to 
a  falling  forwiird  of  the  liead,  so  that  the  chin  rests  upon  the  chest. 
This  falling  forward  of  the  head  is  usually  inlensified  by  the  con- 
traction of  the  sterno-cleido-miistoid  nmscles,  which  are  not  affected 
by  the  diseiuse. 

In  the  last  stage  of  the  case  the  paralysis  and  atrojihy  extend  to 
the  intercostal  muscles  and  to  the  muscles  of  respiration,  so  that  all 
respi:ation  becomes  diaphragmatic.  As  a  rule,  patients  die  from 
some  intercurrent  disease  when  the  atrophy  and  jiaralysis  have 
reached  this  stage;  Imt  in  case  they  live  the  i)aralysis  may  extend 
to  the  legs,  causing  a  condition  of  {>arai>legia  of  progressive  tyjie  such 
as  has  been  already  described  in  the  first  class  of  cases.  In  a  number 
of  cases  of  both  tj^ies  there  has  been  an  extension  of  the  paralysis 
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and  atropliy  to  the  muscles  tif  tlie  face»  of  the  t-cjiigiie.  and  oi  the 
throat,  producing  a  |!;ratiua!  difficulty  in  articulation,  in  swallowing, 
and  in  all  movements  of  the  face,  and  death  by  suffocation  or 
choking. 

The  symptoms  of  this  complication  are  more  fully  descril>ed  under 
the  head  (^f  bulbar  palsy. 

In  all  these  forms  of  jiaralysis  wth  atrophy  there  are  frequent 
fibrillary  contractions  in  the  ]>aralyzed  nuiscle,  which  are  l:>oth  spon- 
taneoy.H,  and  can  be  caused  by  |>ercuRsion  (jr  by  exposure  of  the  limb 
to  cold.  ThtTe  are  also  progressive  electrical  clianges  in  the  muscles. 
A  partial  reaction  of  degeneration  is  the  type  of  change  most  com- 
monly found.     The  nerves  react  to  Iioth  faradic  and  gah'anic  cur- 
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rents,  but  there  is  a  progressive  diminution  in  the  degi'ee  of  contrac- 
tion,  and  hence  very  strong  currents  are  necessary  in  order  to  produce 
any  effect.  The  muscles  r(*spond  to  the  galvanic  current  very  slug- 
gishly, with  a  so-called  **  vermiform  contraction/'  and  usually  react 
better  to  the  positive  than  to  the  negative  |K>!e.  Finally,  all  faradic 
reaction  is  lost,  a  complete  reaction  of  degeneration  ilevelops,  and 
m  the  muscle  becomes  completely  atrophied  all  reaction  to  gal- 
vanism is  lost.  The  knee-jerk  is  not  affected  in  the  disease  until 
the  rectus  femoris  becomes  atrophied,  when  it  becomes  gradually 
diminished,  and  finally  is  lost,  .\s  already  stated,  sea-cation  is  normal 
from  beginning  to  end,  and  there  is  no  affection  of  the  sphincters. 
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The  duration  of  the  dii^easp  varies  very  much  in  different  cases. 
The  moist  rapid  case  that  I  have  seen  was  two  years  in  its  dura- 
tion. But  an  arrest  of  the  atrof^hy  may  occur  at  any  time  in 
the  course  of  the  casf%  and  lience  the  prognosis  nmst  be  very 
guarded,  as  it  is  unjust  to  condenui  tliese  patients  when  there  is 
still  ho})e. 

\\'hile  the  majority  of  the  cases  correspond  io  one  of  the  tliree 
types  described  J  it  is  not  to  be  forgotten  that  a  projojessive  nmscular 
atrophy  may  l)egin  in  any  muscle  of  the  body  and  advance  to  any 
other  set  of  muscles  with  a  most  irregular  course.  Thus  Werdnig^ 
has  reported  a  case  in  whicli  the  paralysis  began  in  the  nmscles  of 
the  back  and  glutei,  then  aflvanced  to  the  neek  and  throat,  and 
finally  to  the  extremities.  StriimpelP  hiis  recorded  a  case  in  which 
the  progress  was  from  the  hands  to  the  forearms  antl  then  to  the 
shoulder,  in  distinction  from  the  ordinary  progress  from  the  hands 
to  the  shoulders.  Others  have  clescri!)ed  cases  in  which  both  hands 
and  legs  have  been  invade*!  together. 

Diagnosis*  As  alread}^  stated,  chronic  atrophic  paralysis  may 
occur  in  several  diseases.  The  differentiation  of  chronic  anterior 
poliomyelitis  from  amyotropiiic  lateral  sclerosis  is  as  follows: 

In  amyotro})hic  laterid  sclerosis  there  is  an  increase  in  the  knee- 
jerks  early  in  the  disease,  an  early  development  of  Rabijiski's  reflex 
— i.  €.j  retraction  of  the  great  toe  and  flexion  of  the  other  toes  on 
tickling  thf*  sole — and  increased  mechanieal  excitaltility  in  the  mus- 
cles that  are  paralyzed;  a  tendency  to  rigidity  in  the  movement  of 
the  legs,  and  some  sj>astic  rigidity  of  the  arms:  also,  an  increase  in 
the  tendon  reflt\x  at  the  elbow  an* I  wrist.  In  other  words,  tlie  symp- 
toms of  lateral  sclerosis  are  attded  to  the  symptoms  of  progrt^ssive 
muscular  atn>phy.  and  it  is  by  a  discovery  of  these  adthtitmal  symp- 
toms that  the  diagnosis  is  madf\  TIm*  progress  of  the  case  is  usually 
more  ra])id  in  amyotrophic  lat<vral  sclerosis  ttian  in  chronic  anterior 
poliomyelitis;  and  bulbiu-  sym|itoms  either  appear  early  in  the 
affection  or  precede  the  |>:ir;i lysis  in  the  liml)s. 

A  differential  diagnosis  from  muscular  dystro])hyis  to  liemadeby 
a  consideration  of  the  progiTss  of  the  viise  and  the  succession  of  impli- 
cation of  the  various  nmscles,  w^hich  is  quite  characteristic  in  the 
different  types  of  muscular  dystrophy,  and  differs  from  that  already 
described,  (See  Muscular  Dystrophy,  Cha|yter  XI\\)  In  muscular 
dystrophy  there  is  never  any  filtrillary  contraction  in  tht^  jjaralyzed 
muscles.  The  atrophy  of  the  muscles  is  often  attendetl  by  a  tieposit 
of  fat,  so  that  there  is  an  appearance  of  h\^)ertrophy  in  the  muscles 
that  are  n^ally  atrophied.  The  tendon  reflexes  in  nmscular  dys- 
tropliy  are  progress vi^iy  diminished  as  the  nmscles  become  atrophied. 
The  history  of  tlie  case,  its  onset  in  childhood,  its  development  in 
a  child  of  a  family  in  which  other  meml)ers  have  been  known  to  be 
affected  are  imjHirtant  facts  in  connection  with  the  differentiation 
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froni  progressive  inuscular  alropliy.  Tliere  is  no  electrical  change 
in  the  muscles  [iffected  io  dystrophy. 

In  the  muscular  atrophies  that  are  consequent  upon  neuritis  there 
are  usually  sensory  s>iiiptoms  and  tenderness  along  the  nerve  tnniks, 
and  there  is  a  history  of  one  of  the  well-known  causes.  (See  Chap- 
ter III.) 

In  cases  of  jiaratysis  of  tlie  ulnar  nerve  the  distriljution  of  the 
paralysis  and  atropliy  to  the  muscles  in  the  hand  may  simulate 
progressive  nmsenlar  atrophy,  hut  it  is  to  be  remem1>ered  that  in 
ulnar  paralysis  tlie  first  and  second  interossei  escajje  and  there  is 
usually  some  affection  of  sensibility  in  the  little  finger  (see  p^nge  69), 

The  symptoms  of  jirogressive  muscular  atro|jhy  are  sometimes  the 
first  symptouLs  to  develop  in  a  case  of  syringomyelia,  hut  the  subse- 
quent appearance  of  dissociated  ana'sthesia  (a  loss  of  sensibility  to 
pain  antl  temperature,  while  that  t<i  touch  is  present)  and  of  trophic 
symptoms p  ulcerations  of  the  skin,  etc.,  togetlier  with  the  usual 
increiLse  of  the  knee-j*^rks,  will  enable  the  diagnosis  to  l>e  made.  (See 
Chapter  XV.) 

A  difTnrentiation  t»e!weeii  progressive  muscular  atrophy  and  the 
Charcot ^-Marie-Tooth^  type  of  atrophic  paralv'sis  is  somewhat  diffi- 
cult. That  disease  appears  in  early  youth.  It  pro<luccs  a  progressive 
muscular  atropliy  of  the  pemneal  tyjje  in  the  legs  and  tif  the  Aran- 
Duchenne  type  in  the  hands,  about  sinmltaneously  or  in  ra]>id  suc- 
cession; but  the  paralysis  does  not  extend,  fis  a  rule,  above  the  knees 
or  elbows,  though  occasifmalty  the  nmscles  ar^amd  the  thigh  and 
glutei  are  invaded.  The  contrtist  between  the  atrophied  lower  parts 
of  the  Hndis  and  the  well-ileveloped  upj)er  jiortions  of  the  limbs 
is  very  mark(Ml.  Fil>rillary  tremor  and  r**action  nf  degeneration  are 
present  in  bc*t[i  diseases,  but  in  the  Charcot-Marie-Tooth  type  sen- 
sation is  usually  diminished  in  the  legs  and  feet  and  on  the  hands. 
In  this  tlisease  a  few  autopsies  (Hoffman,  Muhlenlmrg,  Dubreihl, 
and  Marinesc<0  have  demonstrate*!  a  j>eripliera!  neuritis  with  some 
posterior  sclerosis,  Imt  no  affection  of  the  anterior  horas.  (See 
Chapter  XIV.) 

Prognosis,  The  prognosis  in  chronic  atiterior  poliomyelitis  is  a 
serious  true,  as  the  tendency  of  tlie  disease  is  to  go  on  to  extreme 
atropliy  and  death  from  respiratory  or  buUiar  paralysis.  It  must 
be  remembered,  however,  that  an  arrest  at  any  time  in  the  course 
of  the  case  is  possible.  Gowers  maintains  that  the  ca^s  in  which 
the  disease  fjcgins  on  both  sides  sinniltane*>usly  are  iijore  liable  to  a 
spontaneous  arrest.  \Mien  the  disease  has  t*nce  been  arrested 
there  is  no  return  of  |iower  and  no  increase  in  size  in  th*>  affected 
nmscles,  which  are  jjermanently  paralyzed.  If  the  tlisease  starts  up 
a  second  time  after  an  arrest  of  its  progress  the  prognosis  Ls  most 
unfavorable,  as  a  rapid  course  is  probable.     Death  occurs   from 
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paralysis  of  the  resj>iratory  mu^^cles,  or  from  bronchitis  or  pneu- 
monia consequent  upon  the  tlisturbance  of  resph'ation,  or  from 
bulbar  ptilsy. 

Treatment.  The  treatment  of  chronic  anterior  poliomyelitis  is  the 
same  as  that  of  acute  anterior  poHomyelitis  in  the  chronic  stage — 
namely,  general  hygienic  measures;  good  fcorl,  especially  of  fatty 
kind:  fresh  air,  and  every  nieaius  of  keeping  up  the  general  nutrition 
of  the  patient.  Exercise*,  while  not  jirohibited,  sliould  be  ativised 
in  great  moderation,  and^  if  the  legs  are  affected,  walking  shoulfi  be 
avoided,  so  as  not  to  put  any  strain  upon  the  paralyzed  niuseles. 
Any  effort  which  causes  fatigue  is  sure  to  be  followed  l:)y  an  increase 
in  the  weakness  and  a  more  ra{>id  atrt)ph3^.  Any  exhausting  disease, 
such  03  an  interciurent  attack  i*f  the  gripi)e,  pneumonia,  or  any 
infectious  fever,  or  a  severe  ga^^tro-enteritis  is  very  hkely  to  increase 
the  paralytic  symptoms.  Thus  in  one  of  my  patients  who  had 
been  in  a  stationary  condition  for  a  year  an  attack  of  the  grippe 
was  followed  by  a  rapid  increiise  i!i  his  paralysis.  There  is  no 
treatment  that  will  arrest  the  progress  of  the  paralysis.  Massage 
and  rul)bing  are  usually  prescribed  and  may  possibly  aid  in  keeping 
up  the  general  strength  by  increasing  the  nutrition  of  the  atrophied 
muscles,  I  have  never  seen  any  benefit  from  the  continucLl  use  of 
electricity,  though  it  is  usually  prescribed.  If  it  is  used  it  should 
be  with  a  current  only  sufficient  to  produce  contraction  in  the 
muscles,  and  very  strong  or  very  many  long-continued  ai>plications 
are  to  be  avoided  on  the  s:iine  prineijjle  tliat  exercise  is  to  be  avoided. 
The  miLScles  shoulil  not  be  overworkeil  or  fatigued.  In  one  case  the 
use  of  mechanical  massage  antl  vibratory  treatment  at  the  Zander 
Institute  caused  marked  improvement  and  was  followed  by  an 
arrest  in  the  i)ix)gress  of  the  disease  for  a  year. 

General  tonics  are  of  distinct  service,  and  I  have  seen  temporary 
improvement  from  the  emj>loynient  of  strychnine,  5^^  grain,  three 
times  a  day  for  fom'  days  in  the  week,  alternating  with  arsenic,  ^-^ 
grain  three  times  a  day  for  the  other  three  days  of  the  week.  Some 
authors  reconmiend  the  hy]Joderniic  use  of  strychnine,  Init  in  a  long- 
continued  chronic  disease  of  this  kind  very  little  advantage  is  to  be 
obtained,  and  the  dangers  attendant  upon  septic  infection  are  man3\ 
Apparatus  may  j)re\Tnt  deformities  and  assist  weakened  joints  to 
bear  the  weight  of  the  body  after  walking  becomes  impossible. 
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This  is  a  chronic  jiragressive  form  of  spinal  ]>aralysis  character- 
ized by  the  s>Tiiptoiiis  of  projs^i-essive  muscular  atryjjhy  in  the  arms 
and  of  lateral  sclerosis  or  spastic  paraple^a  in  the  legs.  It  was  first 
described  by  Charcot  in  1872  and  was  carefully  studied  Iry  his  pupils, 
Gombault  in  1877  and  Debove  in  1879.  It  has  been  called  Charcot*8 
disease.  But  while  Charcot  l>elii*veti  that  it  was  a  disease  of  the 
spinal  cord  only,  it  is  now  known  that  all  the  motor  elenients  of  the 
nervous  system,  from  the  cortex  of  the  l>rain  to  the  termination 
of  the  nerves  in  the  feet,  are  involved,  both  the  cortico-spina!  and 
spinomuscular  elements  being  simultaneously  affeetefL 

Pathology.  Tlie  j>atholnpiral  contlition  consists  of,  first,  a  gradual 
progressive  atrojjliy  in  tlie  niotcjr  neurones  lying  in  the  anterior  horns 
of  the  spinal  cord,  similar  to  that  described  as  occurring  in  chronic 
anterior  pohomyclitis.  This  is  si*oietimes  limited  to  the  cer\ical 
region,  but  in  long-continued  cases  the  lumbar  region  is  affected,  and 
in  some  cases  the  entire  cord  is  involved.  These  changes  in  the  cells 
are  also  present  in  the  motor  nuclei  of  the  cranial  nerves  in  the 
medulla  and  pons.  Secondly,  in  addition  to  these  changes  in 
the  spinomuscular  element,  there  are  atrophy  and  degeneration  in  the 
cortico-spina!  element  which  lies  in  the  lateral  pyramidal,  and  ante- 
rior median  colunms  <*f  the  spinal  cord.  These  changes  have  been 
followed  upward  through  the  meilulla,  pons»  criis,  and  internal 
capsule  to  the  motor  cells  of  the  brain.  And  recent  investigation 
has  shown  that  in  the  majority  of  cases  of  advanced  amyotrophic 
lateral  sclerosis  there  is  a  ilcgeneration,  with  atrophy  of  the  larger 
c^IIs  of  the  second  and  tliird  layers  of  Ihv  cortex  alx)ut  the  fissure  of 
Rolandt>,  which  are  the  neurone  Intdies^jf  the  cortico-spinal  elements 
of  the  motor  system.  This  degeneration  of  the  cortico-spinal  elements 
begins  in  the  ends  of  the  axones  in  the  spitial  cord  and  advances 
upw^ard  until  the  entire  neurone,  of  whatever  length,  becomes  affected 
and  atrophied.  The  sclerosis  is  a  replacement  h}'perplasia  in  the 
spinal  cord,  the  increased  connective  tissue  taking  the  place  of  the 
atrophied  nervous  elements.  The  sclerosis  is  not  wholly  limited, 
however,  to  the  motor  tracts  in  the  cord,  hut  is  |)resent  throughout 
the  antero-lateral  columns  in  the  vicinity  of  the  gray  htjrns.  as  in 
chronic  anterior  poliomyelitis,  (See  Fig.  64.)  It  is  evident,  there- 
fore, that  the  association  tracts  l»elonging  to  the  motor  system  of  the 
cord  are  involved  as  well  as  the  longer  voluntary  tracts:  hence  this 
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iliisea.se  is  une  of  the  mui^t  widespread  of  all  tlie  so-called  **  system 
diseases''  of  the  spinal  eord. 

The  point  of  beginning  of  the  pathttlogical  process  varies  in  dif- 
ferent cases.  In  some  cases  it  is  evident  that  the  lesion  begins  io 
the  cervical  region  of  the  spinal  cord  in  the  gray  matter,  and  hence 
the  symptoms  first  aijjjear  in  the  muscidar  system  of  the  arms.  This 
has  t>ecii  the  course  in  about  60  per  cent,  of  my  ctises.  In  other  vases 
the  lesion  commences  in  the  lateral  columns  of  the  cord,  and  then 
the  spastic  paralysis  of  the  legs  is  the  first  evidence  of  the  diseiise. 
This  is  the  second  form  and  has  been  the  history  in  30  per  cent,  of 
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The  leaiofiii  Iti  amyotrophic  lateral  ficlerosls,  lumhur  region.  ^1,  anterior  horn,  atrophied  and 
sclerotic,  no  celli  remalulog ;  B,  posterior  horn  ;  C,  posledor  ucrve  root ;  i^.  posterior  septum ; 
J^  pOffteflor  ix>inml»ure;  F^  nnt^rlor  comrolflsuro;  Q,  fttiterlor  fiBBur«  ;  11,  mntero-lateral  column, 
■Uffbtlf  aoleroUc :  I,  po«lerior  coin  ma ;  J,  later&l  pynunldai  tract,  ac  I  erotic,    i&loctj.} 


my  cases.  In  eitlicr  case  in  the  coiu-se  of  the  disease  both  sets  of 
symptoms  ajipear.  In  the  cases  that  l>egin  in  the  spinal  cord  the 
tendency  of  the  disease  is  to  extend  to  the  medulla  and  pons,  so  that 
symptoms  of  bulljar  paralysis  ensue  and  terminate  the  ease.  In 
other  cfuses,  however,  iHill>ar  i»aralysis  is  the  first  disease  to  appear, 
and  later  oik  after  its  s\anj)toms  are  well  markt^d,  the  symptoms  of 
spastic  parafilegia  or  of  progiT'ssive  muscular  atropliy  in  tlie  hands 
indicates  thai'  the  original  disease  was  not  sim))ly  hull>ar  patsy,  but 
amyotrophic  lateral  sclerosis.  This  has  been  tlu^  course  in  10  per 
cent,  of  my  cases.     The  lesion  is  a  slowly  progressive  one,  occasion- 
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ally  fonies  to  a  standstill  for  a  tittup  l)ut  never  has  any  temlency  to 
rectvver,  regeneration  not  appearin|^  in  the  tlegeneratetl  neurones. 

Etiology.  Very  little  is  known  about  the  causation  of  tliis  disease. 
It  df*velo|)s  in  persons  between  the  ages  of  thirty-five  ami  fifty  years. 
Cold,  overexertion,  various  forms  of  poisoning,  either  by  alcohol, 
arsenic,  lead,  mercury,  or  by  toxins  of  infeetitais  diseases,  or  from 
auto-intoxioation  tlu'ough  disturbance  of  the  gastro-intestinal  tract, 
rheumatism,  gout,  and  diabetes  have  all  been  mentioned  as  causes 
without  any  al)solute  proof.  There  is  no  proof  that  the  affection 
develops  suljse<juently  to  syphilis.  Gowers  has  seen  it  de\'elop  after 
severe  injuries,  A  probable  theory  of  the  affection  is  that  in  certain 
families  a  congenital  weakness  of  the  motor  elements  of  the  central 


ScleroKts  of  Ihe  Bpinal  cord.  The  gpeclmen  Ik  taken  from  the  bonier  of  cbe  L&teni  p}mmi(3al 
tnet  to  a  oue  of  ■.myotropbtc  kteral  ecleroRtiL  The  up^ier  part  of  Lhe  speclnien  1b  ooriDftl;  Ibe 
lower  part  li  iclerotlo,  uid  in  \h\&  {um  few  or  do  fibres  remain. 


nervous  system  is  present,  a  fact  which  receives  some  support  from 
the  occurrence  of  the  diseiiseoccasiontdly  in  sever rd  members  of  the 
same  family.  In  some  cases  an  extensive  endarteritis  lias  lM*en 
found  in  tlie  spinal  bloodvessels,  and  tills  has  bt*en  supposetl  to  be 
the  cause  in  these  cases. 

Symptoms.  Amyotroiihic  lateral  sclerosis  usually  l^egins  with 
stiffness  in  the  muscles  and  increased  reflex  excital)ility,  soon  followed 
by  atrf»phy  and  paralysis  in  rnie  or  both  hands,  the  small  muscles  of 
the  hands  being  the  parts  first  affected,  as  in  progressive  muscular 
atrophy  of  the  Aran-Duchenne  type.  The  paralysis  then  advances 
to  the  forearms,  though  occasionally  if  appears  in  the  muscles  about 
the  shoulders  l>efore  those  of  the  aruis  are  invaded.     Paralvsis  and 


23«> 


AMTOTEOPHW  LATERAL  SCLEROSIS, 


atrophy  go  hjUKl-iii-hand,  and  tlie  weakni'ss  is  |>nn)orti(>nate  to  the 
size  of  the  muscle,  as  iti  progressive  museiilar  atropliy.  Fibrillary 
<;ontractioiis  are  present  in  the  niuscles  from  the  hegiTming  of  the 
disease,  and  may  l)e  elicited  by  exi)osure  to  cold  or  by  percussion. 
The  order  in  which  the  various  muscles  are  invaded  corresponds  quite 
closely  to  that  described  in  ]>ro^ressive  muscular  atro])hy  of  the  .\ran- 
Duchenm^  type.  W'lieri  all  the  sym[itnms  are  well  developed  in  the 
upper  extremities  tht*  arms  are  adtiueteil  tn  the  body,  the  forearms 
are  prtinated,  and  tlie  hantls  Hexeti  ur  in  the  prisitiou  of  main  en 
(friffe.  There  is  sonie  resistaiice  offered  to  passive  movements,  as  the 
muscles  are  rigid  and  spastic  even  when  (juite  weak- 


Fig.  66. 


Ji/ 


Extreme  ftiropby  of  the  thenar,  bypathen&r,  and  juterofisei  masclea  of  the  hands  in  amyotmphlc 

The  symi>tonis  aj>pearing  in  the  legs  may  follow  or  precede  those  in 
the  arms:  but , as  a  rule,  a  considerable  length  of  time  (several  months) 
intervenes  i>etween  the  two.  When  the  disease  ]>e^ns  in  the  legs  the 
early  iliagnosis  is  lateral  sclerosis.  The  legs  become  stiff,  and  the 
muscles  rigid,  so  that  the  patient  moves  them  with  some  difficulty; 
the  knee-jerks  are  increased,  and  ankle  clonus  and  the  Babinski  reflex 
can  t)e  elicitecL  The  gait  tiec(»mes  a  trvie  spastic  gait,  with  short 
steps,  scraping  of  the  foot  upon  the  ground,  tendency  to  overlapping 
of  the  knees  and  feet,  and  great  rigidity  in  bending  of  all  the  joints. 
The  MHiscles  of  the  legs  do  not  atro]>liy  in  the  early  stage  and  are 
not  the  sulijeet  of  fibrillary  luitehrs.  The  sympt(>ois  may  not  Ijegiu 
in  both  legs  at  the  same  tinu^  in  fact,  one  leg  may  be  quite  rigid  for 
several  months  before  the  other  is  attacked.  The  rigidity  gives  rise 
to  some  aching  and  diseotiifort  in  the  nmscles,  but  there  are  no  sharp 
pains,  and  there  are  nn  scnsury  disturbances  either  of  the  nature  of 
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^iPsthesia  or  para\sthesiii.     The  bladder  and  rectum  are  not  in  any 

ay  aflfected. 

In  this  con<litinn  of  partial  paralysis  the  patient  may  remain  for 
several  months,  tlie  dlsei^^e  coming  to  a  .standstilh  or  the  tlisea^e 
may  go  on  progressively.  One  patient  in  my  clinic  remained  in 
a  stationary  state  for  four  years  after  all  these  s\7nptoms  had 
develof)ed.  If  it  progresses  the  sj>astic  rigidity  of  the  legs  becomes 
so  intense  thiit  walking  is  i!!i possible,  and  the  jjatient  is  confined  to 
the  bed.  Then  the  muscles  which  have  hitlierto  been  rigiil  l>egin  to 
atrophy,  and  to  sht^w  Hljrillary  twitchings,  and  the  spastic  ])araplegia 
is  succeeded  by  a  Haccitl  pandysis  quite  similar  to  tliat  which  has 
appeared  from  tlie  outset  iti  tlie  hands  and  arms. 

Sometimes  the  paralysis  extends  from  the  ujijjer  extremities  to  the 
neck,  the  head  falls  forward,  the  chin  resting  on  the  sternum,  and 
the  hea<l  cannot  be  raised  or  turned. 

Some  months  before  comjilete  paralysis  has  develojied  in  the 
arms  it  is  conunon  to  observe  some  symptoms  of  1  ail  liar  jialsy. 
A  few  cas(\s  begin  with  these  symjitfjuiis^  and  only  develoj)  par- 
alysis of  the  arms  and  legs  later.  The  first  symptom  noticed  is 
a  disturbance  of  speech  due  to  a  paralysis  ui  the  muscles  of  the 
tongue.  li[»s,  mouth,  and  palate.  The  speech  is  slower,  pronunci- 
ation being  ditticult;  the  voice  lieconies  monotonous,  possibly 
na.sal  and  indistinct,  and  finally  pronunciation  of  both  Unguals  and 
labials  is  so  imijerfect  that  it  is  with  tlifficulty  that  the  patient  is 
understood.  As  this  paralysis  goes  on  the  tongue  becomes  thin,  is 
thrown  into  foltls,  and  shows  filjrillary  twitchings,  and  cannot  be 
freely  moved  and  protruded  from  the  mouth.  The  palate  also  be- 
comes paralyzed,  the  uvula  is  no  longer  properly  elevated,  and  hence 
swallowing  is  imperfect,  fluids  return  through  the  nose,  and  attacks 
of  choking  are  frequent.  The  face  also  gradually  becomes  paralyzed, 
especially  in  its  lower  portions,  it  is  flattened  so  that  there  is  a  mask- 
like expression,  and  gradually  all  expression  is  obliterated .  Whistling, 
blowing,  or  kissing  is  impossible.  The  mouth  is  partly  open*  the 
saliva  nms  from  the  corners,  and  the  act  of  chewing  is  interfered 
with  on  account  of  the  paralysis  of  the  cheeks  anil  tm  account  of  the 
weakness  of  the  muscle^s  of  mjistication.  The  muscles  of  the  face 
may  show  some  fibrillary  twitching  for  some  time  before  they  liecome 
paralyzed.  Finally,  the  upper  branches  of  the  facial  nerve  are 
affected,  jjatients  cannot  close  the  eyes,  but  the  ocular  muscles  do 
not  often  share  in  the  paralysis.  One  or  two  eases  liave  been 
reported  in  which  the  Argyll-Robertson  pupil  has  been  present.^  The 
inability  to  sw*allow^  nuty  cause  death  from  choking  or  from  r<?spira- 
tory  paralysis,  or  a  priiHunonia  may  develop  from  irritation  of  the 
lung  by  particles  of  food  which  are  inhaled. 

One  of  tlie  characteristic  s}Tiiptoms  of  the  disease  is  the  great 

^  8chli!«ing«r,    Oberateiner's  Arlwifeo,  19*ia.  vol.  vti.  p.  154.     Ziir  KenntniAs  atj^iiscbe 
Formen  dor  Ainyotnriphisrhe'ii  LateralHckTueie, 
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increase  in  the  nuLsciilar  iiTitability  in  all  tlie  my.sr-les  that  are 
affected.  IVrcussion,  either  on  the  onisele  or  on  its  tendon,  causes  a 
quicks  unusually  sharp  contraotioo,  and  this  exajs^geration  of  reflex 
aetivit}'  throufJihoiii  the  entire  bofly,  both  in  the  nnisrles  that  are 
atropfiie  and  in  those  that  are  s]>astic,  is  charaeteristie  (tf  the  disease, 
and  is  not  present  in  progi-essive  nniscular  atroj)h\\  Percussion 
of  almost  any  point  upon  the  limbs — on  the  muscl(\  tendoas,  or 
the  periosteum — produces  sudden  contraction  of  groui>s  of  muscles, 
and  sudden  extension  of  any  tendon  may  lie  followetl  by  a  clonus. 
Percussion  of  the  facial  nuiseles,  cs)HTially  of  the  masseter,  and  of 
the  jaw  (irofluces  sudden  ctjntrtietions  aufl  even  the  chin  reflex  may 
be  so  exaggerated  as  to  give  rise  to  a  clonus. 

The  atro]>iiic  paralysis  is  usually  attended  by  cram{>s  and  also  by 
(ieformitics  (tjunn  en  (jriffiuiv  dro}>wrist )  such  as  api>ear  in  progressive 
muscular  atroj>hy.  If  deformities  occur  in  the  leg  talipes  may  de- 
velo|>  from  contractin^e  of  the  posterior  tibial  tendons. 

In  the  later  stages  of  the  disease  the  nmscles  of  the  trunk  and 
shoulders  ami  neck  may  Ih^couh*  atrophied,  so  that  sitting  up  or 
lifting  tin*  hea<l  is  iinptjssiljle. 

The  electrical  examination  shows  a  diminution  of  excitability  both 
to  faradism  and  galvanism,  the  nmscles  that  are  atro|ihied  requiring 
a  stronger  current  for  the  j>roduction  of  etmtraction.  A  jiartia!  reac- 
tion of  d{»g(^neration  may  also  l:»e  hmnd. 

Tachycardia  occasionally  develops  in  the  later  stage  of  the  disease, 
as  in  bulbar  palsy »  and  usually  is  an  exceedingly  serious  symptom, 
as  it  may  cause  deatli.  The  lirain  is  not  in  any  way  affected,  except- 
ing in  its  motor  region.  Intelligence  is  preserved,  consciousness  is 
not  a tTected,  memory  is  not  imfiaired,  and  ejiileptic  attacks  do  not 
occur.  Occasionally,  however,  as  in  bulbar  palsy,  an  unusual  emo- 
tional excitaljility  develops,  and  causeless  crying  or  laugliing  inthcate 
a  weakening  of  the  i>atient's  ]}t>wer  of  self-coutroL 

The  duration  of  the  disease  varies  between  two  and  ten  yearSp 
dejiending  entirely  upon  the  time  of  onset  of  the  bulliar  symptoms, 
wdiich  are  the  immediate  cause  of  death.  If  these  symptoms  appear 
early  or  are  the  first  to  occur  the  patient  rarely  lives  more  than  two 
years.  If  the  s3'inptoms  first  appearing  are  tiiose  (»f  lateral  sclerosis 
the  case  may  last  for  many  years.  The  immediate  cause  of  death 
is  usually  disturljance  of  respiration  or  suffocation  from  food  getting 
into  the  larynx,  or  pneumonia  from  food  l)eing  n^ceived  in  the  lungs, 
or  from  heart  failure. 

The  course  of  the  disease  when  it  begins  with  liulbar  palsy  is  illus- 
trat-efl  by  the  following  ca.se:  I.  D.,  agetl  forty-two  years,  had  been 
much  exposed  to  wet,  to  extreme  heat,  and  to  cold  in  his  occupation, 
and  had  suffered  from  muscular  rheumatism  for  years.  In  February, 
1889»  he  noticed  double  vision,  due  to  a  weakness  of  the  left  external 
rectus  muscle,  ami  ptosis  which  first  affected  tlie  left  eye  and  then 
the  right  eye.  The  [)tosis  gradually  subsided,  but  the  strabismus 
remained      In    March.    1889,    his   speech   became    thick,  and    in 
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April  he  began  to  have  diltieulty  in  swallowing^  fluid  food  coming 
out  of  his  nosp.  In  May  he  notired  cliffieulty  in  chewing^  and  his 
friends  saw  a  change  in  Ids  facial  exjires^ion  due  to  a  weakness  of  all 
the  facial  nuisclps.  During  all  this  time  he  felt  an  increasing  weak- 
net^s  in  all  liis  niovenients.  His  neck  liad  beconu*  stiff  and  liis  head 
tended  to  fall  forward  mnX  wa.s  held  with  chin  ijrojecting  IjcyoiKl  tlie 
hne  of  the  bod  v.  On  several  occasions  after  Mai'ch,  1889;  he  had 
fainting  attacks  in  which  he  beeanir  pulseless  and  pale.  Id  June» 
when  I  saw  him,  he  was  thin  and  pale,  clear  in  liis  mind,  but  f<*eble 
in  all  niovenients.  His  eyes  were  both  turnetl  in  a  little  aiiil  his 
left  eye  looked  up.  He  had  eorreH])oniling  dou!)Ie  inuiges,  but  no 
nystagmus  and  his  pupils  were  normal.  His  optic  nerves  were  nor- 
mah  There  was  anosmia  on  the  left  side.  His  sensatioo  in  the  face 
was  normal,  Imt  the  muscles  nf  masticatitm  were  atrophied,  (hd  not 
react  to  faradism,  and  were  so  weak  that  chewing  was  ini|)ossible. 
He  moved  his  jaw  with  \m  hand  and  gave  it  constant  support.  His 
fac«  was  expressionless;  he  could  not  whistle;  food  collected  in  his 
checks,  but  all  his  facial  muscles  could  be  slightly  moved,  and  reacted 
to  faradism.  His  palate  was  paralyzed,  an<i  it  was  to  this  caose  that 
his  defect  of  speech  was  due,  as  the  tongue  wa.s  not  paralyzed  or 
atrophied.  His  neck  nuiscles  were  weak.  There  was  an  atrophic 
condition  of  the  thenar  muscles  an<l  interossei  in  the  hands,  and 
marked  weakness  in  all  tlie  muscles  of  the  forearm.  Tlie  deltoid 
and  muscles  n{  the  arms  were  in  good  condition.  HLs  gait  was  slow 
and  feeble,  but  not  spastic;  but  his  knee-jerks  were  exaggerateil  and 
ankle  clonus  was  obtained.  He  controlled  his  sphincters  w^elL  Duj"- 
ing  the  following  year  his  paralysis  increased  in  his  arms  and  legs, 
his  inability  to  talk  became  more  apparent,  and  in  August,  1890, 
he  choketl  to  death. 

In  the  following  ea.se  the  s)rmptoms  began  in  the  leg  on  one  side, 
A  WT)nian,  aged  forty-five  years,  began  to  suffer  from  weakness,  fib- 
rillary  twitchings,  and  atrophy  in  tlie  right  leg,  with  reaction  of 
degeneration  in  the  muscles  sup}>lied  by  the  peroneal  nerve,  in  FcIk 
ruary,  IHtK).  This  was  supposed  to  hv  doe  to  traumatism  of  the  nerve, 
as  she  had  had  an  injury.  But  in  Ajirib  1890,  an  atrophy  had  begim 
in  the  thenar  and  hypothenar  eminencr^s  of  the  right  hand.  These 
symptoms  increased,  and  in  October,  1890,  she  was  almost  comi)letely 
paralyzed  in  the  entire  right  side  and  fiartially  in  the  left  side,  there 
being  everywhere  an  atrophic  state  of  the  nuiscles  with  fibrillary 
contractions  and  reaction  of  degeneration.  There  was  no  pain,  no 
serLSory  disturbance,  no  bladder  or  rectal  symjitouis.  T!ie  tendon 
reflexes  were  increased.  During  the  winter  of  1890-1891  the  par- 
alysis extended,  and  she  wa^  finally  confined  to  the  bed.  In  April, 
1891t  the  muscles  of  her  throat  and  face  were  affected,  and  in  July 
f?he  died  of  respiratory  paralysis. 

Diagnosis.  The  diagnosis  of  this  atTectifUi  does  not  jiresent  any 
dithculties.  The  muscular  dystrophies  are  not  attended  hy  hbrillary 
twitchings  or  by  increased  tendon  reflexes  or  iiy  bulbar  sjTuptoms, 
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Bulbar  paralysis  is  not,  as  a  rule,  attended  by  any  spinal  symptoms 
or  paralysis,  or  increased  rigidity,  or  increased  knee-jerks.  If  such 
symptoms  develop  in  the  course  of  bulbar  paralysis  it  is  evident  that 
the  disease  is  a  true  aiiiyotrophic  latt^ral  selerusis  in  wliich  the  bulbar 
syniptoms  have  been  tlie  first  to  appear.  Compression  of  the  cer- 
vical portion  of  the  spinal  cord  by  tumor  or  by  pachymeningitis  is 
usually  attended  by  pain  in  the  shoulders,  neck,  and  arms,  by  stiff- 
ness of  the  cervical  vertebne,  and  ]>ain  from  [pressure.  Localized  com- 
pression of  the  spinal  coul,  such  as  occurs  in  these  diseases,  if  attended 
l3y  spastic  paraplegia  is  usually  attended  also  by  sensory  disturbances 
and  by  an  affection  of  the  liladder  and  rectum.  The  diagnosis  from 
s>Tingomyelia  is  made  by  the  absence  of  sensory  disturbances  or 
trophic  affections,  and,  as  is  well  known,  in  this  disease  bulbar  symp- 
toms, while  occasionally  develoi>ing,  are  unilateral  and  do  not  ]>resent 
the  t\^>ical  filatures  of  a  butbar  jialsy.  Turiiors  of  the  spinal  cord  of 
the  nature  of  gliomatosis  give  rise  to  sensory  symptoms  as  well  as 
to  spastic  paraplegia  and  progressive  nmseuiar  atrophy.  The  same 
is  true  of  chronic  myelitis.  In  any  case  of  i>rimary  lateral  sclerosia 
it  nmst  lie  remembered  that  spastic  i>araplegia  often  goes  on  to 
atrophic  paralysis.  Hence  many  cases  of  true  amyotrophic  lateral 
sclerosis  beginning  with  symptoms  of  spastic  piiralysis  in  the  legs 
are  supposed  to  be  primary  lateral  sclerosis.  Time  aione  can  decide 
between  the  twtF  affections.  In  a  large  number  of  ca^ses  thagnosti- 
eatecl  as  lateral  sclerosis  the  lesions  of  amyotropiiic  lateral  sclerosis 
have  been  found. 

Treatment.  The  only  treatment  is  general  tonic  treatment.  It  is 
well  to  prevent  all  strains  and  exertion  and  to  build  up  the  general 
health  in  every  way  possil>le.  Massage  is  to  be  used  antl  elec- 
t  rical  applications,  but  with  the  same  caution  a|j;ainst  over-fatigue  of 
the  muscles  by  these  measures  as  has  been  mentioned  in  connec- 
tion with  the  treatment  of  chronic  anterior  poliomyehtis.  Long- 
continued  warm  baths  and  douches  witliout  very  great  alternations  of 
temperature  are  of  considerable  service  in  maintaining  the  nutrition, 
A\' hen  the  bulbar  symjitoms  appear  the  |>atient  should  be  instructed 
in  the  art  of  f>as.sing  a  tube  into  the  stomach,  so  that  as  soon  as 
difficulty  of  swallowing  appears  nourishment  may  be  carried  on  in 
this  marmer,  and  thus  tin*  tlanger  of  suffocation  may  be  avoided* 
The  use  of  strychnine  does  not  appear  to  retard  the  |)rogress  of  the 
disease,  and,  in  fact,  is  objectionable  on  account  of  the  tendency  to 
spastic  paraplegia. 


CHAPTER    XIV. 

MUSCULAR  DYSTROPHIES. 

The  Classification  of  Various  Forms.  Etiology.  Pathology.  Pseudomuscuiar  Hjrper- 
trophy.  Erb's  Juvenile  Form  of  Dystrophy.  Landouzy-Dejerine  Form  of 
Dystrophy.  Muscular  Atrophy  of  the  Peroneal  Type.  Myotonia  Congenita, 
Thomsen's  Disease. 

There  are  certain  forms  of  paralysis  appearing,  as  a  rule,  in  early 
life  that  are  due  to  muscular  and  not  to  nervous  disease.  These 
have  been  named  the  muscular  dystrophies.  The  muscles  appear 
to  be  affected  primarily  by  a  progressive  atrophy.  This  atrophy 
involves  the  fine  muscular  filaments  and  proceeds  slowly  until  in  the 
end  even  the  largest  muscles  may  be  reduced  to  a  small  band  of  con- 
nective tissue.  In  some  cases  there  occurs  a  deposit  of  fat  around 
the  atrophied  muscle  fibres,  filling  up  ihe  empty  spaces  within 
the  muscle  so  that  no  apparent  atrophy  occurs.  In  some  cases 
this  deposit  of  fat  is  abnormally  great,  increasing  the  size  of  the 
muscle  until  it  may  be  two  or  three  times  its  normal  diameter,  and 
producing  the  appearance  of  a  large  muscle  where  there  is  really 
an  atrophied  muscle.  This  form  is  termed  pseudomuscuiar  hyper- 
trophy. In  other  cjises  there  is  a  true  hj'pertrophy  of  the  muscle 
fibres.  Inasmuch  as  any  form  of  muscular  dystrophy  produces  at  first 
paresis  and  then  paralysis,  it  is  very  natural  that  these  muscular  dys- 
trophies should  be  mistaken  for  spinal  paralyses,  though  a  brief 
study  of  their  characteristic  features  will  make  it  clear  that  no 
such  mistake  is  warranted. 

The  muscular  dystrophies  have  been  classified  by  Erb,*  who  has 
gathered  and  analyzed  all  the  facts  in  regard  to  this  affection,  more 
completely  than  any  other  author.  Krb  distinguished  first  between 
cases  occurring  in  infants  and  those  developing  in  adult  life,  though 
this  distinction  appears  to  be  of  little  moment,  inasmuch  as  an  ana- 
lysis of  a  largo  number  of  cases  demonstrates  that  the  disease  may 
develop  at  any  age.  It  must  be  admitted,  however,  that  a  very 
large  proportion  of  the  eases  appear  in  infancy  or  childhood,  and 
that  when  adults  are  affected  the  disease  usually  begins  before  the 
twentieth  year.  lOrh  further  classified  these  cases,  first  into  those  in 
which  then*  is  an  hypertrophy  of  muscular  tissue,  either  a  pseudohy- 
pertrophy or  a  true  hypertrophy  of  the  muscle  fibres,  and,  secondly, 
those  in  which  th(Te  is  a  progressive  atrophy  without  any  deposit 
of  fat.    This  classification,  while  of  value  clinically,  appears  to  rest 

>    Deut.  Zeitschr.  f.  Nervcnhk.,  i.,  13  ami  173. 
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Upon  no  essential  pathological  factor,  for  all  grades  in  the  proce^ss 
are  possible.  In  some  cases  the  deposit  of  fat  is  excessive,  causing 
pseudohypertrophy:  in  other  eases  there  is  a  deposit  of  fat  taking 
the  place  of  atroi>hied  nuiscle,  but  without  jjroducing  any  ajjparent 
change  in  the  size  of  the  nuis(*Ie,  and  in  niiiny  eases  of  extreme  atrophy 
of  the  muscles  fatty  de|)osits  are  fount  1  between  the  nuiscle  fibres; 
hence  this  classification  does  not  rest  upon  a  ])athological  basis. 
And  we  may  find  all  these  con^litions  in  different  nuiscles  in  the 
same  patient, 

A  further  classification  has  been  basetl  upnn  the  distribution  of  the 
affection  in  flifferent  nuiscles.  Here,  unfortunately,  the  different 
types  liave  been  named  after  the  observers  who  lKii>(jen  to  have 
fii'st  ciirefully  described  them.  Thus  we  have  the  Duchenne  ty'pe 
of  pseudohypertrophy,  and  we  have  tlie  Erb  type  of  juvenile  dys- 
trophy, in  wliich  the  nuiscles  al>out  the  shoulderd)hides  and  arras 
are  chiefly  affected.  We  ha\'e  the  Saclis-Hoffman  type,  in  which  the 
at!'ection  begins  in  the  jieroneal  nuiscles  of  tlie  legs,  W'e  have  the 
Lamlouzy-Dejerine  type,  in  vvhi(*h  the  muscles  of  the  face  and  arms 
are  affected,  and  we  have  the  Cliarcot-Marie-Tootb  type,  in  wdiich 
legs  and  forearms  and  back  are  affected,  thighs  and  arms  and  face 
esca]>ing.  It  is  true  that  the  varifAis  cases  observed  conform  in  many 
particulars  to  ouv  of  these  different  tyjies,  but  there  is  no  essential 
difference  between  them  in  the  causation  or  in  the  jiathology.  And 
intermediate  types  have  been  oliserved  not  conforming  tu  any  of 
these.  Furthermore,  it  is  found  that  one  tyj^e  may  progress  and 
gradually  merge  into  another.  It  is  evident,  tlierefore,  that  these 
atteni])ts  at  cla*ssifi cation  in  the  discussio!)  of  muscular  dystrophies 
are  ruit  fully  satisfactory. 

Etiology.  The  causation  of  muscular  dystrophy  is  a  matter  of 
considerable  interest.  The  disease  is  undoubtedly  a  (hsease  of  devel- 
oijment,  and  from  its  marked  tendency  to  appear  in  very  early  life, 
to  attain  a  certain  status,  and  then  to  l>e  arresteil  without  any  ten- 
dency to  repair,  or  else  to  progress  steadily  until  it  causes  an  entire 
destruction  of  the  nuiscular  system,  it  seems  probable  that  it  must 
be  traced  to  im  inherent  defect  of  development  in  the  nmscles 
affected.  It  seems  as  if  these  muscles  were  not  en* lowed  with  the 
proper  vitality,  and,  after  a  short  life,  wither  and  ilie. 

We  have  evidence  in  other  organs  of  the  body  of  this  difference 
between  the  life-periofl  of  a  sjjecial  structure  and  that  of  the  entire 
botly.  Thus  the  life-])eriod  of  the  first  and  even  of  the  second  teeth  is 
a  comparativf^ly  slic*rt  one  as  related  to  the  life-periott  of  the  indi- 
vidual. The  tife-tjeriotl  of  the  hair,  of  the  reproductive  system,  of  the 
eye  and  ear,  and  of  the  brain  may  be  less  than  that  of  the  entire  indi- 
\4duid.  We  see  in  tlie  stijtty  of  optic  atrophy  and  of  auditory  atrophy 
that  there  are  some  families  in  whic!i  these  diseases  dev(4op»  even  in 
early  life,  without  af>parent  ciuise,  the  only  explanation  being  that 
these  nerves  have  not  the  power  of  survival  which  other  nerves  have* 
We  recognize  the  existence  of  senile  atroithy  of  the  brain  in  old  age, 
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hut  wr  iFius't  iultTiit  that  the  terrn  *'oltl  age''  cannot  he  fixed  wiihm 
(letinite  Ihnitiitioris,  for  some  individuals  l>ecome  old  at  the  age  of 
sixty  years,  while  otliers  are  young  and  vigorous  at  the  age  of  eiglity 
years.  I  have  now  under  my  ohservation  a  lady  of  th(*  age  of  ninety- 
nine  years,  all  of  whose  \asceral  functions  are  v^  vigorous  and  active 
as  they  were  at  the  age  of  seventy,  but  whose  brain  for  the  past  ten 
years  has  been  j»raetieally  dead,  jiowers  of  pereejition  in  eye  and  ear 
being  saspended,  i^owers  of  memory  l>eing  almost  obliterated,  and 
powers  of  reasoning  being  reduced  to  the  level  of  a  chikl  of  three 
years.  Thu»,  it  is  evident  that  the  organism  iis  a  whole  may  outlive 
any  one  of  several  of  its  organs,  provided  those  orgarLs  arc*  not  essen- 
tial to  hfe.  .Vnd  the  duration  of  vitality  of  any  organ  varies  greatly 
in  different  individuals.  Tliis  fact  is  particvjlarly  evident  in  regard 
to  the  reproductive  system  both  in  males  and  females,  and  it  is 
equally  apparent  in  regard  to  the  muscular  system.  For  it  is  a 
matter  of  comment  that  the  muscles  of  oltl  people  wither  and 
l>ecome  feel>le  long  before  their  death. ^ 

It  is  (juite  evident  from  the  consideration  of  these  facts  that  the 
explanation  of  nuLseular  dystrojihies  is  to  be  found  in  an  inherent 
inability  of  survival  t>f  certain  truiscles  in  certain  individuals.  In 
other  wijrds^  that  the  rlisease  is  one  of  congenital  defective  power  of 
evolution.  This  ex]>lains  to  a  eertani  extent  the  freiiuency  with 
which  we  find  that  several  niemliers  of  a  family  are  affected  by  this 
t}T>e  of  disease.  It  is  true  that  isolated  cases  are  not  uncommonly 
met  witli  where  careful  investigation  fails  to  reveal  any  menilier 
of  the  family  or  any  member  of  any  collateral  branch  similarly 
affected.  But  in  the  majority  ol  cases  it  is  founiJ  that  if  the  patient 
has  no  brother  or  sister  similarly  diseased,  or  has  not  inherit-ed  it 
directly  from  either  |>arent.  he  will  have  several  eousiiLs  who  have 
suffered,  ]>os8ibly  several  s€*eond  c^aisins  who  have  suffered,  anil  it  is 
not  uncommon  to  be  able  to  trace  the  disease  through  foiu-  or  even 
five  generations. 

Whether  extraneous  causes,  such  as  undue  muscular  effort*  expas- 
ure  to  cold,  the  unfavoralile  effects  of  the  occurrence  of  infectious 
diseases,  falls,  and  l>lows,  have  anything  to  do  with  setting  \\\}  the 
disease  in  those  who  have  an  inherent  tendency  toward  weakness  of 
the  nmscles  is  a  matter  which  umy  be  open  to  doubt,  th*»ngh  these 
factors  have  been  mentioned  as  exerting  a  causative  agency. 

Pathology.  The  changes  found  in  the  nmscles  in  this  disejise  are 
tiiose  of  a  simple  jjrogressive  atrophy.  It  will  he  remembere<l  that 
the  muscle  fibre,  which  may  be  5  cm.  long  and  from  15  to  55  mm, 
broad,  has  a  striated  appearance  due  to  the  existence  of  two  \y[^s 
of  structure^  witliin  its  sul>stance,  one  of  wdiich  interrupts  the  light 
more  completely  than  the  other.  Each  muscle  fibre  is  surrounded 
by  a  sheath  of  connective  tissue  (the  sarcolemma)  within  w^hich  lie 
nuclei  or  long  oval  cells  from  which  the  muscle  fibre  itself  has  devel- 


^  See  Gorwen:  Abiotrophy.    Loiidoa,  19(13.    Publidie^U  after  tlik  chapter  was  ixi  type. 
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Oped.  These  muscle  fibres,  surrounded  i>y  the  .sareolenitna,  are  really 
made  up  of  fibrils  of  very  fine  structure,  each  fibril  ori^nating  from 
a  single  cell,  and  the  fibrils  are  separated  from  one  another  by  a 
structure  termed  the  sarcoplasma;  hence,  under  the  microscope  a 
muscle  fibre  has  a  double  striation,  a  transverse  striation,  and  the 
longitudinal  fibrillar  structure.  These  fibres  are  gathered  into 
greater  or  lesser  bundles,  forming  the  muscle,  and  they  are  supplied 
by  nerv^es  whose  terminal  fiiatiieiits  spread  out  u()on  the  surface  of 
the  fibre  in  the  so-called  motor  plate.  Within  the  muscle  and  witliin 
the  fibres  he  oval  borhes  called  the  muscle  spindles  which  contain 
the  sensory  filaments  through  which  the  muscular  sense  is  received. 
(See  Fig.  7,  page  24.) 

WTien  a  muscle    undergoes  atrophy  we  may  find,  first,  a  simple 
reduction  in  the  calil>re  of  the  individuid  fibres.     (Fig,  67.)     There 
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is  a  thinning  m  the  entire  fibre,  which  becomes  narrower  and 
shorter^  preserving  until  the  end  its  striated  appenrarice^  though  it 
becomes  pale  and  sometimes  a  little  pigmented  by  the  deposit  of 
coloring  matter. 

Second ly^  in  other  cases  there  is  a  degeneration  of  the  muscle, 
consisting  of  a  swelling  or  trdema,  followed  by  an  albuminoid  or 
fatty  degeneration  of  the  muscle  fil)re,  resulting  in  the  deposit  of 
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small  fatty  globules  and  granular  nify=^Kses  witliiti  the  saroolemma. 
As  the  muscle  hecomt^  clegeiierated  tlie  iadiviihia!  fibre  oontraete, 
obliterating  the  striated  apiiearance,  leaving  the  muscle  with  a 
homogeneous,  smooth,  (»r  yellow  tint.  As  the  process  goe«  on  all 
trace  of  the  muscular  substance  may  vanish,  leaving  the  sarcoleimim 
containing  only  fatty  globules.  Soniotimes  waxy  deposits  may 
occiu*  witiiin  the  imiscle,  with  compression  and  ul)literation  of  the 
fibreB,  but  tliis  is  not  comrnnn  in  the  dystrophies.  Uccasioiially  as  the 
muscle  undergoes  progressive  atro|)hy  it.s  sheath  is  filled  up  by  an 
oedema  tons  exudation.  But  usually  there  is  merely  an  increase  in  the 
cells  of  the  sarcolemnia.  Under  some  circumstances  there  is  not  only 
within  these  empty  sarcolemma  sheaths  a  fatty  remainder  of  the  de- 
generated muscle,  Imt  between  the  sheaths  there  is  an  actual  Lie}>osit 
of  fat  of  new  fonnation.  (See  Fig,  68/)  Under  tlies*^  circumstances 
not  only  is  the  space  formerly  occupied  by  the  normal  muscle  filled 
out  by  fat,  l)ut  tht^  fatly  il*»fiosit  may  increase  the  actual  diameter 
of  the  muscle;  and  if  tliis  goes  on  to  any  extent  pseudoh}T}ertrophy 
of  the  nuiscle  will  lie  presented.  Along  with  the  fatty  deposit  there 
is  usually  an  hy|>ertrophy  of  the  connective  tissue  in  tJie  nmscle,  so 
that  when  the  process  becomes  extreme  the  muscle  is  turned  into  a 
mass  of  fat  sejiarated  by  tral>ecu!a^  of  connective  tissue.  If,  after 
the  course  of  time,  the  fat  is  reducetl  in  volume  and  is  finally  absorbed 
the  muscle  v^dll  have  as  its  only  relic  tliis  connective-tissue  strand, 
and  a.s  this  contracts  longitudinally  it  ^ill  cau£;e  a  shortening  of  the 
atro|)liied  muscles. 

Thirdly,  along  with  \\w  atrophy  we  find  occasionally  a  true 
hvpertrophy  of  individual  muscle  fibres.  The  fibrils  are  increased 
by  true  formation  of  miLScle  tissue  from  their  nuclei  within  the  sarco- 
lemma,  and  not  oidy  increased  in  number,  but  also  increased  in  lateral 
diameter,  so  that  giant  muscle  celts  and  giant  muscle  fibres  quite 
similar  in  structure  to  a  normal  fibre  are  evident.  Any  of  these 
processes  may  go  on  alone  or  may  be  condiineij  with  others  in  the 
process  of  muscular  dystrophy.  The  connective-tissue  changes  wdiich 
were  for  a  time  thought  to  be  primary  have  long  Ijeen  known  to 
be  of  a  secondary  nature,  a  hyperplasia  oi  conneeti\^e  tissue  within 
the  muscle  occurring  just  as  a  hyjK^rplasia  of  neuroglia  occurs  in 
the  spinal  cord  to  take  the  place  of  atrojihied  substance.  In  the 
connective  tissue  near  to  the  ends  of  the  muscle  new  formations  of 
thick  tend* JUS  may  be  seen. 

These  changes  in  the  muscles  are  found  in  all  forms  of  muscular 
atropliy  hmth  spinal  and  peripheral  It  is  tliought  that  in  the  dys- 
trophics the  development  of  h}T3ertrophy  of  the  muscle  fibre  in  eon- 
nectiijn  with  the  atrophy  is  a  peculiar  feature  of  the  disease.  It  is 
not  often  that  deposits  of  fat  are  found  \\ithin  the  mascles  in  the 
spinal  and  jieripheral  t>^jes  of  atrophy. 

Symptoms.  From  the  eliiiical  standjioint  we  recognize  the  fol- 
lowing types  of  the  disease,  the  symptoms  of  which  differ  distinctly 
from  one  another: 
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1,  IVeiKbmuseiilar  hypertrophy  of  Duchenne. 

2,  EvWii  JLivenili'  dystrophy. 

3,  LaiKiniizy-Dpjeriiie  typo  of  dystrophy. 
1.  Pseudomuacular  Hypertrophy.     This   diseajse   brgins  in  children 

between  the  second  and  the  seventh  year,  and  has  often  Tiuide  con- 
siderable progress  befure  it  is  l>nnight  to  tlie  altentioii  of  tlie  physi- 
cian. It  begins  by  a  gradual  increase  in  the  size  of  the  calves  of  the 
legs,  which  are  at  first  subjects  of  jiride  to  the  mother^  but  soon 
awaken  her  apprehension  because  of  being  out  of  proportion  to 
the  growth  of  the  rest  of  the  limbs  and  because  they  ajjpear  to 
beatt^ndetl  l>y  a  certain  clumsiness  of  gait.     The  child,  in  learning 

Fu;-;,  Cd 


pBeiiilohy3:)t;rtropblc  muscular  dystrophy.  Four  brolheni,  iged  twelve,  eleven,  eight,  fttidl  se^en 
ye&TR-  The  calves  and  the  anterior  surface  of  ibe  thi^hfi  are  bypertropbled.  The  raaiiicl€«  of  the 
tMCk  ure  &ttv)ph9ed.  The  eldest  ha«  m  touch  weRkiiet'b  of  the  musclei  of  ibe  Deck  that  he  CATtnot 
hold  up  hii  head.    (CurKhinaun,  Kllu.  AbbildiiDg^cu.) 

to  walk  or  in  walking,  begins  to  Ktunible,  to  go  up  stairs  with  some 
difTicylty»  to  get  tirefi  too  ,hooii  after  walking  or  running,  and  to  walk 
with  a  (jeculiar  gait.  This  gait  is  charaeterizeil  by  a  draggiiig  of  the 
legs,  wliich  appear  to  he  raised  from  the  ground  with  difficulty,  and 
in  order  to  drag  the  leg  the  child  throws  its  btfdy  from  side  to  side 
anti  raises  its  pelvis  in  the  act  of  walking.  As  the  disease  progresses 
great  difficulty  is  experienced  in  rising  from  a  ehair  or  in  getting  up 
from  the  floor,  and  these  chihlreii  soon  learn  to  aid  themselves  by  the 
use  of  their  hands,  whieli  give  support  where  the  muscles  of  the  legs 
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of  forward  ovirimtuTe  of  the  .spine  and  causes  the  child  to  throw  his 
shouklers  back  in  urder  to  preserve  his  centre  of  gra\4ty.  Even  in 
the  early  stage  of  the  disease,  before  the  muscles  about  the  t>capul® 
are  affected,  it  is  found  that  if  a  i>lunib'Uue  be  tlropped  from  the 
scapuhi  it  will  clear  the  buttocks.  This  is  not  possil>le  in  a  state  of 
health. 

.\s  the  disease  advances  ujiwarii  the  arms  become  afifected,  the 
infraspinati  are  the  first  to  be  hypertrophied,  so  that  the  child 
appears  to  have  a  very  prominent  ]>ad  on  the  Ijack  of  the  shoulder- 
Idades.     The  supntspinatus  and  deitui<l  may  become  hypertrophied 


Fio.  74. 


Pseudoli y pertroph Ic  p*iul ysJs.    Ttniaciofriiiag. 


also,  and  sometimes  the  triceps  and  biceps  as  well,  but  in  tlie  ma- 
jority of  cases  these  muscles  atrophy  without  any  deposit  of  fat. 
While  these  muscles  hypertrophy  other  nmscles  about  the  shoulder 
bectime  atroj^hied;  thus  the  rhoml»oi(ls  and  levator  an^di  scapulas 
and  also  the  serrati  become  atrf>t>hied  and  paralyzed,  and  hence 
the  sl^oulder-blades  stick  out  from  tJie  back  like  a  pair  of  wings. 
(Fig.  75.)  Biceps  and  triceps  may  then  in  turn  atrophy,  ren- 
dering all  motions  at  the  shoulder-joint  imperfect  and  making 
flexion  and  extension  of  the  elbow  very  weak.  As  a  rule,  the 
nmscles  of  the  forearms  and  of  the  hands  are  not  affected. 
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Alter  the  muscles  are  cont^iderably  atrophied,  with  or  \\dthout  the 
production  of  pseudoh^'j^ertrophy,  a  contraetion  occurs,  causing 
deforoiities  in  the  joints.  Tims  talipes  equiuus  is  first  produced, 
then  a  permanent  flexion  of  the  legs  upon  tlie  thighs  and  the  thighs 
upon  the  peh4s.  Curvature  of  the  spine,  which  can  no  longer  be 
corrected  by  susjiension,  develops  and  often  leads  to  lateral  curvature 


Fta.  75. 


Fio.  7*. 


I'Beuilohrpertn^pUlc  paralysh.  The  calves  ar« 
large ;  the  back  ia  weak  &Dd  cnrved  forwards 
Deltoldi  and  titceps  arc  atmpblad.  Serratl  are 
weak,  hence  the  scapulK'  protrude. 


P*eudohypertmphic  paralysis.  The  Lordoei§ 
iH  well  marked «  aod  ibe  attempt  to  preserre 
the  bainnce  by  td rowing  the  ibouldera  hick  !• 
deawnBtrated. 


by  the  unequal  contraction  of  the  muscles  of  the  back  upon  the  two 
sides.  Contractions  may  occur  also  in  t!ie  arms,  producing  a  flexion 
of  the  elbo^^'  and  interfering  with  passive  movements  of  the  shoulder- 
joint. 

The  electrical  contractility  of  the  muscles  is  gradually  reduced  as 
the  nmseles  atrophy^  lait  there  are  no  changes  of  the  nature  of  reac- 
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2.  Brb's  Juvenile  Form,  This  typo  begins,  as  a  rule,  between  the 
ages  of  twehe  ami  sixteen;  but  cases  Imve  been  observed  which 
(hd  not  (ieveloji  luitil  after  the  age  of  twenty.  In  this  form  of 
muscular  dystrophy  tlie  muscles  of  the  shoulder  are  first  aflectetb 

the    pectorals,   trapezii,    latissimui? 
Fio^m  dnrsi,  rliomboiils  and  ileltoid  muscles 

^^^k  bee<pme^raduiilly  hyjxTtropliied,  but 

^^^H  at   the    same    time  are   w^eakened, 

^^^F  Peculiar   deformities   of    the    ciiest 

^H^^  often  tlevelop,  the  shoulders  being 

'^^W'  thrown   forward    and   the    scapula^ 

/■   \  ] >rt itruding.  As  tlie  f lisease  progresses 

k     ^  »  H^  the  biceps  anrl  triceps  become  atro- 

phied, but  the  nmscles  of  the  fore- 
arms an<i  hands  remain  in  their 
normal  condition,  I.ater  on,  if  the 
flisease  does  not  come  to  a  standstill, 
the  muscles  of  the  back  become 
atrophied,  lordosis  appears,  with  de- 
formities of  the  spine  and  difficulty 
in  walking.  Later  the  glutei  and 
anterior  muscles  of  the  thigh  are 
affected,  either  atrophied  or  liyper- 
trnphied,  and  finally  the  calf  mus* 
cles  and  peronei  becom<^  imjilicatedj 
causing  total  [)aralysis  with  talipes 
equinus.  In  the  majority  of  cases 
h\qx*rtrophy  is  more  marked  in  the 
deltoid,  infraspinatus,  siirtorius,  and 
gastrocnemii.  It  will  be  seen  that 
ill  the  later  stage  of  the  disease  the 
terminal  condition  is  similar  to  tliat 
occurring  in  pseuflohypertropliy,  a 
fact  which  makes  it  evident  that  the 
only  difference  lietween  tliese  two 
types  of  dystropfu'  is  in  ttie  direction 
of  progress  in  tlie  muscles  involved, 
3.  L&ndouEy-Dejerme  Type.  In  this 
type,  whi<*h  develo|js  usually  in  early 
chilrlhood,  but  occasionally  in  adults, 
the  feature  is  the  apfiearance  of  the  muscular  atrophy  in  the  face. 
It  is  true  tliat  lioth  in  pseuddtnyscuhir  hypertrophy  and  in  Erb's 
juvenile  dystrojihy  the  disease  may  eventually  extend  to  the  face, 
])roduciiig  all  the  symjitoms  seen  in  the  Landouzy-Dejf^rioe  type. 
The  atrophy  begins  in  the  orbicularis  oris  antl  extends  to  tlu^  risorii, 
to  the  levator  nienti,  and  to  the  finer  muscles  of  the  face  almyt  the 
mouth.  The  result  is  that  tiie  lips  l>ecome  weak,  cannot  be  lirnily 
closed,  and  the  moiith  is  hal>itually  open  and  the  lips  are  slightly 


Erb'a  juvenile  dyitropby.  The  rtliease 
began  mi  tbe  age  of  sixteen;  pbotoirraph 
mttde  ftt  age  of  thirty.  Supra*  and  Inrra- 
fplnati,  and  gastrocnemii  hypertrophled. 
Trapezll,  deltoids,  biceps,  trieep*,  laUsfllrol 
dorsl,  aerraU  raagnJ,  erectorea  Rplnic^  all 
mujMzlefl  of  thighs,  and  glutei  arc  atrophied. 
(By  pennlBSion  of  Ur.  O.  L.  Walton.) 
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of  the  k'gSf  become  involved,  tind  tlie  terminal  stage  of  the  disea^^e  is 
not  unlike  that  in  the  two  types  already  described.  Fibrillary 
twitchings  are  not  present,  the  eleetrical  reactions  are  normal,  but 
are  progressively  hist.  There  is  lui  distnrliance  of  sensilnlity.  Me- 
chanical excitability  of  the  nmscles  is  gradually  lost  as  the  muscles 
atrophy. 

While  these  three  t\pes  of  muscular  dystrophy  are  sufficiently 
different  from  one  another  to  be  easily  recognized,  it  must  be 
admitted  that  many  patients  suffering  from  the  disea,se  present 
Bynaptoms  common  to  two  or  more  types.  Even  Erb  admits  the 
occurrence  of  tninsitiooal  foruL*^  of  dystro]jhy,  and  shows  that  the 
course  of  the  disease  may  present  variations  in  various  members  of 
the  same  family  who  arr^  afifected.  In  the  terminal  stage  it  is  not 
alwa3rs  easy  to  ascertain  to  which  type  a  |)atient  is  to  be  assigned. 

The  diagnosis  of  this  affection  from  bull)ar  palsy  is  not  difficult, 
because  in  dystroi)hy  the  tongue  and  muscles  of  swalloT^ing  are  not 
involved. 

Prognosis.  The  ]>rognosis  in  nuiscidar  dystrophy  is  unfavorable. 
In  all  forms  of  the  tUsease  there  is  a  tentlency  to  slow  progress,  to 
an  extension  of  the  affection  from  muscle  to  nmscle  until  fitially  a 
state  tif  heljiless  paralysis  with  extreme  emaciation  is  reached.  This, 
however,  is  not  an  invarialile  occurrence,  as  I  have  seen  several 
patients  in  whom  the  disease  has  ci»me  to  a  standstill  and  who  have 
remained  in  a  stationary  condition  for  six  or  eight  years  without 
being  incapacitated  from  walking.  Tlie  prognosis  as  far  iis  life  is 
concerned  is  got^l,  provided  comf)licating  diseases,  especially  of  the 
respiratory  organs,  are  prevente<l.  These  f>atients  are  peculiarly 
liable  to  develop  tuberculosis  of  the  lungs  or  pneumonia  or  bron- 
chitis from  disability  in  respiratory  movements.  Occasionally  the 
diaphragm  is  involved  and  the  [latients  die  of  respiratory  paralysis. 

Treatment.  Treatment  of  muscular  dystrophy  must  be  l)y  general 
measures  to  support  the  health  and  nutrition  of  the  in(li\iduab  A 
country  life  in  the  open  air,  with  good  food  and  moderate  exercise,  is 
ad\isable,  and  the  systematic  use  of  massage  and  gynnmstic  exercises, 
not  carried  to  the  point  of  fatigue,  will  often  tend  to  reduce  the  rate 
of  progi'ess  in  the  rnuseular  dystrophy  and  in  some  cases  to  cause 
an  arrest  of  its  progress.  Thus  the  patients  allude^l  to  in  whom  the 
disease  has  come  to  a  standstill  have  had  most  skilful  massage  for 
years,  daily  for  about  one  hour,  l^lectricity  has  been  used  for  the 
purpose  of  exercising  the  atrojihied  muscles,  and  when  massage  is 
imjM>ssil>le  it  may  give  good  results.  Wlien  the  contractures  have 
occurred  the  ([uestion  may  arise  of  the  proi^rietyof  tenotomy^  but 
in  several  patients  in  whom  I  fiave  had  it  done  it  has  not  afforfled 
any  permanent  relief,  but,  in  fact.  1ms  been  attended  by  an  increase 
of  the  disability.  Tlie  apj>licatinn  of  corsets  or  plaster-of-Paris 
jackets  to  correct  the  tleforndty  in  the  si>ine  is  not  to  be  advised, 
because  the  lordosis  assists  tlie  individual  in  preserving  his  equilib- 
rium, and  if  the  spine  is  held  erect  in  its  natural  posture  the  child 
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falls  forward  und  is  uiial>te  to  walk.  Individuals  suffering  fruin 
muscular  dystrojjliies  are  usually  such  chronic  invalids  as  not  to  cod- 
sider  the  question  of  marriage,  but  should  this  cjuestion  arise  it  should 
be  strongly  advist*il  against^  inasmucli  i\s  this  disease  is  so  peculiarly 
hereditary* 

MUSOULAE  ATROPHY  OF  THE  FEBOHEAL  TYPE, 

Charcot-Marie-Tooth  Form  of  Progressive  Muscular  Atrophy. 
Progressive  Neural  Muscular  Atrophy  of  Hoffman* 

In  ISiSt)  Chareot  anil  Marie'  in  Paris,  and  Tootlr  in  Cambridge, 
Englantl,  deseribeii  indei)endently  a  form  of  progressive  nmscular 
atrophy  beginning  in  the  muscles  supplied  by  the  peroneal  nerves 
and  advaneing  upward  as  high  fis  the  knees  in  the  legs,  and  subse- 
quently attacking  the*  muscles  of  the  hands  anil  fnrearnvs.  This 
particular  type  of  muscular  atrophy  has  Ijeen  recognized  by  many 
autliors,  especially  by  J.  Hoffman^  atid  B,  Sachs,*  Although  it  k 
an  extremely  rare  form  nf  disease,  a  sufficient  mnnber  of  cases  can 
now  be  collected  to  establish  the  afTection  as  ituleperulent  both  of 
the  muscular  dy'tr(»[>hies  on  the  one  hand  and  of  anterior  poUo- 
myelitis  on  the  other. 

Etiology,  In  some  cases  there  appears  to  be  an  hereditary  tUspo* 
git  ion  to  the  disease.  Several  members  of  a  family  may  be  affected, 
and  IB  a  few  familie^s  it  has  been  traceable  through  twoor  tlu*ee  genera- 
tions. In  many  patients,  however,  no  history  of  inheritance  can  be 
obtained.  No  etiological  factors  have  been  estalilished,  and  sypMiis 
does  not  appear  to  be  a  cause.  Iti  a  few  cases  it  has  been  preceded 
by  some  form  of  infectious  disease.  The  flisease  uniformly  appears 
in  young  persons  before  the  age  of  twenty  years. 

Pathology.  The  ciuses  first  recorded  were  su|>posed  to  be  of  the 
nature  of  muscular  dystrophy,  a  progre^ssive  atrophy  of  the  muscles 
of  the  legs  aiid  forearms  and  of  the  feet  and  hands  l>eing  the  only  lesion 
noticed.  But  in  1SS9  Hoffman  discoveretl  nn  atrophic  neiyitis  in 
the  peroneal  nerves  in  addition  to  the  muscular  atrophy,  and  from  that 
date  the  ilisease  has  been  ascribed  to  a  degenerative  neuritis.  Bern- 
hardt/* in  1S93,  recorded  a  case  in  which  in  a<ldition  to  the  atrophy 
of  tlie  peroneal  nerves  there  were  found  some  cluinges  of  a  sclerotic 
character  in  the  posterior  columns  r>f  tlie  spinal  cnrd :  and  Siemerling,* 
in  1899;  after  a  study  of  all  the  cases  upon  record,  reached  the 
Cfmclusioji  that  the  lesion  of  the  diseai^e  consist*;  in  a  degeneration 
both  of  the  nmsdesy  nerves,  and  posterior  columns  of  the  sjiina!  cord, 
a  lesion  which  involves  the  entire  sensory  element  both  in  its  periph- 


>  m-v  dp  MM  .  iaS6,  «  Bmiii,  vol   X.  p.  243. 

"  Arch.  f.  Psveh.,  Hil,  xx.,  S.  560,  ana  Deut.  Zeitschr.  f.  Ncr\eii.,  B*J.  i.,  8.  05. 

*  New  York  Medical  Jourtml.  Lleocmbir,  1888.     nraiii,  IStMl, 

*  Virc how's  Archiv,  13*1   cxxxiii.,  8.  259, 
'  Arch.  f.  Paydi  ,  licL  xxxi,  «.  U>6. 
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eral  and  eeiitnil  prolongations  as  well  as  the  motor  fibres  of  the 
nerves.  He  has  found  the  posterior  spinal  ganglion  affected,  and  he 
has  also  found  a  sclerosis  in  a  portion  of  the  lateral  eolunuis  of  the 
cord  not  involving  the  pyramidal  tracts.  Siemerling  is  inclined  to 
abandrin  the  view  tliat  the  disease  liegins  in  tlie  peripheral  nerves, 
and  is  inclined  to  ascribe  it  to  a  central  lesion  in  tlie  posterior  horns 
of  the  spinal  cord,  but  the  exact  patliology  is  still  a  matter  of 
uncertainty. 

FlO.  SO. 


GhvoDt'Marte-Tooth  diteaw«   Atrophy  o(  the  legs  below  the  koera  and  of  the  &rmB  below  the 

elliows. 

Symptoms.  The  disease  begins  with  a  gradually  increasing  atrophy 
and  weakness  of  the  intrinsic  muscles  of  the  feet  and  of  the  long 
peroneal  muscles  on  the  outer  side  of  the  le^.  The  weakness  and 
atrojihy  then  api)ear  in  the  anterior  til)ial  muscles  and  extensor 
comnnmis  digitorum  and  in  the  ptisterior  tilnal  nuiscles,  so  that 
after  a  siow  increase  during  two  or  three  years  the  jjatient  is  almost 
incapacitated  from  walking.  The  fijot  falls  in  walking^  and  hence  the 
gait  resembles  the  step])ing  gait  of  multiple  neuritis.     Occasionally 
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the  vastus  internus  in  the  thigh  is  atroijhied  and  adduction  of  the 
knee  becomes  somewhat  difficult.  The  affection  of  this  muscle  some- 
what impairs  the  put,  allowing  the  knee  to  fall  outward:  hence  the 
patients  place  the  frrt  sdtnewiiat  too  far  from  one  another  in  walking^ 
(8ee  Fig.  80.)  The  muscles  whicli  are  affected  show*  fibrillary  eon- 
tractioiL^,  they  lose  their  reflex  activity  and  mechanical  excitabihty, 
and  there  is  a  prr^gressive  diminu- 
tion of  the  electrical  excitability 
for  both  currents.  In  many  cases 
L  complete  reaction  of  degeneration 
'appears  in  an  early  stage.  As  a 
rule  the  weakness  and  atrophy  do 
not  extend  above  the  knees,  ancl 
hence  the  contrast  in  the  appear- 
ance of  the  thigh  and  leg  is  very 
marked  in  these  patients.  In  all 
cases  club-feet  finally  {levelop,  and 
bilateral  club-feet  slujuld  always 
suggest  this  disease.  The  symp- 
toms appear  in  the  arms  after  the 
legs  have  been  affected  for  some 
months  or  years,  f  Jrcasionally, 
however,  the  hands  and  arms  are 
affeetetl  from  the  begiiuiing.  There 
is  a  gradual  atrophy  and  weakness 
of  the  intrinsic  maseles  of  the 
hands,  of  the  thenar  anfl  hypo- 
thenar  groups,  and  also  of  the  fore- 
arms^ aiKl  as  these  become  weaker 
abnormal  positions  rif  the  fingers 
ai'e  assumed,  giving  rist»  to  deform- 
ities of  the  nature  uf  claw-hand. 
The  muscles  btith  on  the  front  and 
back  of  the  forearm  are  affected, 
and  fibrillary  contractures  and 
dindnutiun  of  elet^trica!  contrac- 
tility with  reaction  of  degeneration 
are  found.  The  disease  may  come 
to  a  standstill  at  this  point,  as  in 
the  patient  whose  i)hottjgrai)h  is 
shown  in  Fig.  80,  and  tla^re  may 
apf>ear  to  be  no  progressive  increase 
in  the  symptoms  for  a  long  time. 

ease  makes  more  rajad  ])rogress,  tlie  atrojihy  and  |>nralys]s  involv- 
ing the  tliighs  and  tlie  arms,  the  muscles  of  the  body  and  neck,  and 
even  the  face,  and  the  patient  is  gradually  reduced  to  a  skeleton,  and 
dies  from  exhaustion. 
Tlrere  are  a  few  sensory  disturbances.    In  some  cases  a  slight  numb- 

17 


Charcot- Marie-Tooth  dlsCMse.  Airopliy  ot 
the  legs  and  droivfect,  and  atrophy  of  the 
baodft. 

In  other  cases,  however,  tlie  dis- 
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iiess  with  ditniautiuii  in  the  pain  sense  along  the  outer  t^ide  of  the 
legs  is  noticed,  and  in  other  cases  complete  anaesthesia  in  the  dis- 
tribution of  the  peroneal  nerve^s  has  Ijeen  found.  Th<^  paralyzed 
liml),s  are  usually  cold  an<l  have  a  tendency  to  cyanosis,  especially  in 
cold  weather. 

The  duration  of  the  thsease  is  inicertain,  for  many  cases  ajjjjear  to 
be  arrested,  and  the  patients  live  their  lives  witli  a  condition  nl 
atrcrjjliy  io  arms  and  legs  and  do  not  die  of  the  affection.  In  otlier 
cases  \x\un'i\  tlie  progress  of  tht*  atrophy  is  more  rajiid  tliey  ihe  uf  Sijme 
intr^rcurreiit  disease. 

Prognosis  for  reetn-ery  is  always  unfavorable. 

Treatment.  A  general  course  of  tonic  treatment  with  batlL*=i,  mas- 
sage, and  electricitv  to  the  atrophied  niuscles  appears  to  have  some 
effect  in  lessening  the  rapidity  of  tlie  atrophj',  but  does  not  ai}pear 
to  arrest  tlie  progress  of  the  affection, 

MYOTONIA  OONQEiriTA.    THOMSEN  S  DISEASE. 

This  liisease,  described  in  lN7(i  by  Thomsen,'  who  was  himself 
affected,  sliould  hanlly  be  iiu^hideil  in  a  treatise  on  nervous  diseases, 
but  may  be  mentioned,  intisnuich  as  it  produces  a  certain  amount  of 
paralysis.  It  is  a  congenital  and  inherited  disease  of  th(*  nuiscles, 
characterized  by  a  marked  hyperti(ii>hy  of  nmsc\iiar  hlrres  and  a 
j>roiiferati*>n  of  the  muscular  nuclei.  The  muscular  hbres  differ  in 
shape  from  the  normal,  being  more  circular  and  not  polygonal  in 
transverse  section.^ 

Symptoms*  Tta*  symj>toms  of  the  affection  are  a  peculiar  rigidity 
of  tlu'  nmscles  tjccurring  after  they  have  been  at  rest  f(fr  some  time. 
The  muscle  is  so  hnnly  etintractured  that  the  ];mtient  cannot 
overcome  the  tonic  simsni,  and  hence  moves  with  great  difficulty 
until  the  spasm  relaxes.  All  the  muscles  of  the  body  may  be  affected, 
and  hence  walking,  running,  and  the  use  of  the  hands  are  very  much 
hamjtered-  The  (juick  conifK^nsatory  and  automatic  movements 
necessary  in  order  to  jireserve  the  balance  are  so  markedly  interfered 
with  that  these  patients  constantly  lose  their  equililirium  and  are 
liable  to  falls.  By  re[>eated  attempts  at  movement  and  by  con- 
stant exercise  these  nmscles  may  be  limbered  u[>,  so  that  i\\  the 
end  of  a  long  walk  these  jjatients  may  walk  in  a  normal  manner, 
but  any  ptTiod  of  rest  or  the  ordinary  rest  of  night  is  always  followed 
bv  a  renewal  of  the  hard  contraction  of  the  muscles.  Patients  are 
hampered  all  their  lives  by  this  abnormal  rigidity.  Cold  or  damp 
weather,  cold  liaths,  great  mental  excitement,  and  sudden  sensoiy 
impressions  are  said  to  increase  the  degree  of  the  spasm.  Active 
exercises  decrease  it.  The  patient^s  have  no  other  symptoms  what- 
ever, and  hence  the  disease  eamiot  be  mistaken  for  anything  elsc\ 


»  Arcliiv  f.  psych.,  Bd.  vi,,  p.  702;  iiIko  HcL  xxiv  ,  8   918. 

'  Jticoby-     JfutruuJ  af    Ncirvoua  ami  Mental  l^ij^cai*!*,  Mfircli,  1887. 
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The  electrical  contractility  in  the  muscles  is  distinctly  altered,  a 
tonic  contraction  being  produced  by  faradic  excitement,  and  the 
reaction  of  degeneration  being  discovered  on  galvanic  examina- 
tion. Erb  describes  undulating  rhythmical  contractions  starting 
from  the  cathode  and  passing  to  the  anode.  Mechanical  excit- 
ability is  increased,  percussion  of  the  muscle  producing  a  sharp 
contraction  of  the  muscle  which  remains  for  some  time  (fifteen  to 
twenty  seconds),  producing  a  groove  upon  the  skin.  Pressure  upon 
the  muscle  will  also  produce  a  firm  contraction.  As  but  thirty  cases 
have  been  recorded  in  literature  up  to  the  present  time,  the  affection 
may  be  considered  rather  a  curiosity.    There  is  no  known  treatment. 


C 11  A  PTEK    XV. 
SYRINGOMYELIA  ()K  GLIOSIS  SPIN/VLIS. 

History*  S>Tiiigoiiiyelia  f/r^r^^'c,  tube,  hollow;  fi^juo^^  maiTow) 
or  g;liu:^is  spinalis  is  a  tlisea^se  of  the  spinal  cord  eharacterizeil  by  the 
production  of  a  ravity  within  the  t'ord  of  varying  length.  The  name 
was  given  by  Ollivier  in  1824,  but  the  erjudition  was  first  described 
by  Etienne  in  lr546  and  is  mentioned  by  nuuKTous  writers  on  anat- 
omy from  that  time  onwar^L  Portal  (1804)  was  probably  the  first 
to  ascribe  a  form  of  spinal  paralysis  to  this  lesion  on  the  basis  of  four 
eases  whicli  he  observed.  From  his  time,  hoAvever,  until  1860  the 
condition^  though  occasionally  noted  by  jmtholopsts,  excited  no 
interest.  Then  with  the*  f>eginning  of  patlu)logical  study  of  the  ner- 
vous system  various  hypotheses  were  proposed  to  explain  the  exist- 
ence of  cavities  within  tlie  cord,  and  Lockhart  Clarke,  Vulpian, 
Haltopeau,  Charcot  and  JntTroy,  Leyden,  Schultze,^  and  Kahler'made 
important  contributifms  to  the  subject.  In  the  momvgraphs  of  Iloth, 
Wichmann,  and  Anna  Baumler  (18S9)  over  100  cases  with  autopsies 
were  collected  and  analyzed.  The  study  of  these  cases  from  a  patho- 
logical standpoint  was  soon  followed  l>y  their  analysis  from  the 
eliincal  side,  and  in  1SS7  Sehultze^and  Kaliler*  estabhshed  the  possi- 
bility of  diagnosticating  this  coTulition  during  life.  Their  state- 
ments have  bei*n  ectnfirmed  by  clinical  observers  all  over  the  world. 
In  a  nKmograj)!!  l>y  Schlesinger^  526  references  to  published  cases  or 
discussions  of  the  subject  are  given.  Dimitrofi^  has  recently  added 
to  this  literature. 

Pathology,  The  post-mortem  ajjpearances  in  a  case  of  syringo- 
myelia are  very  characteristic.  The  spinal  meninges  are  normal. 
The  contour  of  the  cord  is  sonietimes  irregular,  owing  to  a  bulging 
at  some  places  or  a  retraction  at  other  [jlaces,  or  it  apj^t^ars  at 
places  fiatteiied;  sometimes  it  is  not  altereil.  Fluctuation  may  be 
detected  by  palpation.  Usually  a  nipture  occurs  in  the  process 
of  removal  of  the  conL  and  tlie  fluid,  '^  clear  serum,  runs  out,  heav- 
ing tiie  cord  partly  collapsed.  It  is  then  evident  that  there  is  a 
long  cavity  within  the  cord,  usually  iK'ar  the  central  ciuiab  but  some- 
times so  extensive  as  in  a  cross-section  to  leave  merely  a  thin  ring 
or  wall  of  cord  tissue.     Sections  of  the  cord  at  various  levels  will 


'  SchulUe.     Vtrchow*8  Anchiv,  Bd.  Ixxxvii.  ami  civ. 
'  Kahler.     Vlertfljahrechrift  fiir  Priict.  HeiUt.,  1879. 

*  SchuUae.     Z*at,-^.  hr.  fnr  klin  M^r,  Htl  xiii.,  1887. 

*  Kahler.     Pnigt^r  nwd,  Woch.,  ISaS,  Xoa,  6  and  7. 

*  Schlesfingrr.      Die  Svringomvelie,  18^,  Leipsig. 

*  Arch.  f.  P*ych  ,  Bd."xxjt\%  S.  42. 
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demonstrate  that  tliis  canity  exteinli^  for  some  distance  tlirough  the 
cord,  and  that  it  varies  in  size  and  sha|)e  at  different  levels.  The 
usual  sitnatifHi  of  tlie  eavity  is  in  tlu*  lower  eervicid  and  dorsal  regions. 
In  some  cases  it  is  sliort,  not  invc jiving  more  than  five  or  six  seg- 
ments; in  others  it  is  long,  extent  ling  through  the  entire  length  of 
the  cord  and  upwanl  into  the  nieckilla  and  j)ons.  Sometimes  two 
or  three  separate  cavities  have  L>f*en  Umud  at  different  levels.  All 
posBible  variations  hav**  been  observed  m  different  cases.  In  some 
cases  a  tumor  hits  been  found  on  one  sitle  or  within  the  wall  of  the 
cavity. 

When  the  cord  is  hiudened,  cut,  stained,  and  examined  micro- 
scopically it  presents  certain  characteristic  ap|>earances.    The  cavity 

Fio.  82. 


SjrringomyetU.    Carity  in  ibe  central  gray  matter  of  tbe  left  half,  with  Dtamerous  dlrertlculA. 
WttlU  of  cftvlty  formed  by  gliomatotu  tlMue  inilltntlog^  the  tpliua  cord.   Weig«n  stain. 


may  be  of  any  size  or  of  any  shape,  but  lies  chiefly  near  the  central 
canaJ^  behind  the  anterior  conxmissure,  or  in  the  posterior  central 
gray  matter,  or  in  a  {wsterior  horn,  or  in  bolli  horns  of  the  conl.  In 
some  cases  it  invades  the  central  ^ray  uiatt^r  and  the  anterior  horn 
or  horns,  but  it  is  rarely  symmetrical  in  it.s  invasion  of  the  cord  tissue 
on  the  two  sides.  In  some  ea^es  the  pray  matter  is  entbely  replaced 
by  the  cavity.  In  other  cases  the  cavity  has  invaded  the  white 
columns  of  one  or  both  sides.  The  posterior  columns  are  more  fre- 
quently invaded  than  the  lateral  or  anterior.  In  the  most  extreme 
case-s  it  apfiears  as  if  all  the  cor<l  tissue  had  been  destroyed.  The 
cavity  is  then  sm'rounded  l>y  a  thin  wall  forming  its  sac,  and  no  trace 
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of  gray  or  white  sul>stanct'  remains.     Tlie  wall  of  the  ra\'ity  is  smooth, 
but  here  and  there  papillary  projections  oreur  upon  it. 

The  cavity  is  iisualU'  surrfaiinled  by  a  zone  of  thick  neuroglia 
tissue  which  stains  deeply  with  carmine  and  hematoxylin,  is  un- 
stained in  the  Weigert  hematoxylin  stain,  is  deeply  stained  by  the 
Weigert  neuroglia  stain,  and  by  the  Golgi  stains.  The  thickness  of 
this  neuroglia  wall  varies  in  different  cases.  Its  structure  is  most  dense 
near  the  cavity;  Init  it  is  thinner  in  the  adjacent  parts  and  fades 
away  into  the  normal  cord,  not  having  as  a  rule  a  sharp  buundary. 
(See  Fig.  82.)  Under  a  higli  power  of  the  microscope  it  is  seen  to 
be  made  up  of  fine  fibres,  of  nuclei,  and  of  small  and  large  neuroglia 
cells,  a  few  of  which  are  seen  in  some  causes  to  lie  in  a  state  of  vacuo- 
lization and  progressive  litjuefaction  and  to  1)0  breaking  down.     A 

Fio.  88. 


SyDnfoniyetla.    Thu  cavity  hiis  taken  tbe  pljtce  of  ihe  centml  gray  matter,  and  has  Invaded 

both  posterior  columnj. 


fine  filamentous  network,  containing  spider  cells  and  spindle-shaped 
cells  With  long  processes  and  many  nuclei,  extends  outward  into  the 
nerve  tissue — the  n|>j>earance  being  that  of  a  [uirtiMl  infiltration  of 
the  normal  cord  by  gliomatous  elements,  the  dep;ree  of  which  is 
greatest  near  to  the  wall  of  the  cavity.  Such  an  inhltration  of  the 
cord  ^dth  cells  is  also  fuund  in  the  segments  above  and  below  .the 
limits  of  the  cavity,  especially  almut  the  central  canal.  The  cavity 
frequently  oceu|>ie8  the  place  usually  taken  by  the  central  canal. 
Sometimes  it  is  seen  to  conununieate  with  the  remains  of  the  central 
canal,  and  then  some  e{>ithelial  elements  may  be  found  in  its  wall. 
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In  otlier  eases  the  eurial  is  pushed  to  one  side  and  lies  in  the  wall  of 
the  eiivit y.  In  vt  few  t^eetions  tliere  may  apjjear  to  be  two  oin  ities  side 
hy  side;  but  a  careful  examination  of  sections  above  or  Ijelow  will 
show  that  one  of  thest^  is  really  a  divertirulum  fronj  the  main  cavity. 
The  cavity  itself  is  never  entirely  lined  by  cylindrical  epithelium :  but 
in  a  few  eases  om*  side  of  it  may  be  so  lined,  and  in  these  there  is 
a  manifest  ahsdfpt ion  nf  tlie  original  central  **ana!  into  the  new  cav- 
ity, with  more  or  less  proliferation  of  the  lining  epithelium.  A  few* 
cases  have  been  described  in  which  a  true  glioma  or  sarcoma  filled 
tlie  cavity,  being  an  evident  outgrowth  from  its  wall./  Changes 
in  thr  l)lunilvessels  of  the  ctird  are  sometimes  (jl*served.  There  are 
very  few  capillaries  to  be  seen  in  the  wall  of  the  cavity;  but  outside 
of  it»  in  the  adjacent  parts  of  the  cord  where  the  infiltration  of  !?mall 
cells  an<l  nuclei  is  seen  vessels  are  more  numerous  than  normal, 
their  calibre  is  larger^  and  they  are  more  tortuous  than  usuab  In 
some  cases  distinct  thickening  of  their  walls  has  l>een  noticed» 
Capillary  hemorrhages  are  often  found  within  tlie  gliomatous 
structure. 

Various  hypntheses  have  biH^n  projKised  to  explain  the  conditions 
described.     They  may  l>e  briefly  summarized  ;is  fotluws: 

L  It  has  been  suppfjsed  that  syringomyelia  always  originates  in  a 
congenital  defect  in  the  development  of  the  spina!  cord.  It  has  bc>en 
thought  that  the  central  canal  of  the  cord  may  be  unduly  distended 
during  fo-tal  life  ami  early  infancy  l»y  fluid,  thus  remaining  as  an 
unusually  large  cavity  within  the  cord,  amund  which  cavity  there 
8ul>sec[uently  develops  a  proliferation  of  the  emhry(»nal  epiblastic 
elements  or  a  thickening  of  tlu*  itornial  glia  tissue,  which  is  known 
to  be  more  abundant  in  this  situation  than  elsewhere  in  the  cord. 
Such  a  cavity  is  lined  by  epithelium  and  is  described  by  many 
pathologists  under  the  name  **hy(lromyelus."  But  some  believe 
that  hyrlnimyelus  may  pass  into  syringomyelia  by  the  proliferation 
of  glia  cells,  the  invasion  of  the  normal  tissue,  and  its  sul)setiuent 
breaking  down.  They  thus  explain  the  admitted  fact  that  the  degree 
in  which  the  cavity  in  syringaniyelia  is  lined  by  cylindrical  epithelium 
varies.  OthtTs  hold  that  in  the  closure  of  the  central  canal  during 
enibryonal  ilevelopment  a  portion  of  it  is  shut  off  from  the  main 
canal  so  as  to  leave  a  subsifliary  canal  in  the  posterior  sepitum  of  the 
cord,  lined  with  M]jitheliuni  and  surrounded,  as  is  the  ni»nmi!  central 
canal,  by  epiblastic  tissue  which  subsetjuently  proliferates,  consti- 
tuting a  neuroglia  hyperplasia,  and  then  breaking  do\nK  Those  who 
hold  this  (opinion,  therefore,  ascribe  all  cases  of  syringomyelia  to  a 
congenital  malffprniaticm  of  the  cord  and  iK^lieve  that  the  cavity  of 
syringomyelia  has  a  necrssary  relati(m  to  the  normal  central  canal 
and'  usually  conununicates  with  it, 

2-  Another  view  of  the  disease  is  that  the  normal  glia  structure  of 
the  spinal  cord,  which  is  thickest  about  the  central  canal,  undergoes 


1  Vtua.  Gie0OD.     Jouriml  of  Nervoiui  and  Metit«l  Duiriufe,  July,  18$9» 
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a  proliferation  froni  soTru*  ynkTiciwn  caiL^c — |)ossihly  an  irritant  jKjison 
in  the  fluid  of  the  central  e;irial;'  that  this  gliomatous  new  structure 
e3rten(i8  <*ut\vard  into  tlie  acljaeent  tissue,  both  iuto  the  gray  and 
white  matter,  and  subsequent iy  brrakB  ilown  in  it,s  centre,  the  cells 
beconiiiig  lit|yefie(l  and  disintegratetl;  thus  a  cavity  originates  within 
a  ghoniatous  niass.  Tliis  cavity  at  its  origin  has  no  necessary  relation 
to  the  central  canal;  but  inasmuch  as  the  glioniatous  proliferation 
begins,  as  a  rule,  near  to  the  canal,  the  cavity  usually  lireaks  into 
the  central  canal  and  thus  makes  a  coinniunicatioii  with  it.  The  wall 
of  t lie  cavity  is  ilescribed  as  consisting  of  hyperplastic  neuroglia  with 
larger  and  smaller  branching  neuroglia  cells,  and  small  sj)heroidal 
cells,  and  oval  cells  lying  in  a  netwt^rk  ai  fibres,  at  places  closely 
packed  together,  at  places  loosely  arranged,  so  that  it  hai?  a  porous 
meshwurk  structure.  This  forms  a  sort  of  limiting  membrane  for 
the  ea\^ty,  but  lieyond  il  within  the  nervous  tissue  there  is  an  infil- 
tration of  glia  cells.  These  cells  are  seen  to  be  in  a  state  of  lique- 
factive  degeneration  both  in  the  wall  of  the  ca\nty  and  elsewhere. 
In  some  cells  the  nucleus  is  attached  to  or  surrouncled  l>y  the  homo- 
geneoiLs  remains  of  the  cell  body.  Some  cells  are  ct inverted  into 
sacs  of  fluid.  Thvi^  there  is  a  manifest  tendency  in  the  glia  celts  to 
break  down,  and  the  cavity  is  the  result  of  such  disintegration.  Those 
who  holfl  this  opinion  have  named  the  disea^se  spinal  gliosis,  believing 
the  glia  jiroliferatifm  to  be  tlie  essential  factor  in  the  jjatliology.  Some 
consiiler  this  an  inflannnatory  process;'^  others*  deny  anything  niore 
than  a  simple  hyjjerphisia. 

Investigations  of  Weigert*  upon  the  structure  of  neuroglia  seem  to 
establish  that  new  formations  of  glia  may  be  either  cellular  in  struc- 
ture or  fibrous  in  structure.  If  cellular,  tlu^  new  formation  is  a  true 
glioma,  such  as  is  found  in  tumors  of  the  brain  or  s|>inal  cord,  and 
in  sucli  a  glioma  fibres  are  few.  Weigert  calls  attention  to  the  fact 
that  this  is  not  the  structure  of  the  glia  tissue  about  the  cavity  of 
syringomyelia,  but  that  the  neuroglia  found  around  tl»is  ca\ity  con- 
sists almost  exclusively  of  glia  fibres  Avith  few  cells;  ami  that  these 
fibres,  though  extending  in  all  directions,  are  chiefly  vertical  in  their 
course.  Miura  also  has  shown  the  sharp  contrast  between  ordinary 
glioma,  even  glioma  containing  a  cavity,  and  tlie  gliomatous  condi- 
tion of  the  cord  in  sjTingomyeiia.  Weigert  holds  that  the  neuroglia 
is  merely  a  substance  produced  by  natiu-e  to  take  the  ]>lace  of  nerve 
tissue  which  has  been  destroyed,  and  that  its  proliferation  is  always 
a  sign  that  the  nerve  tissue  has  primarily  disintegrated.  Such  de- 
struction of  nerve  tissue  would,  therefore,  according  to  liis  \aew, 
]>recede  the  formation  of  gliomatous  tissue;  hence  he  wholly  discards 
the  hypothesis  of  s)Tiugomyelia  to  M'hich  the  name  spinal  gliosis  has 


'  Bub^s  and  MiinieaUde,     Arehi^-es  dra  Sci.  M6d.  de  BuGhareal,  May,  1S06, 
'  Miura.     Ziegler's  Beitrage  eut  path.  Anat.,  xj.^  91. 
^  Schultze.     ZeiUchr.  fur  klin.  Med.,  xiii. 

*  Wdj^rt^      Beitrage  sur  KenntnMs  der  tiornialcn  menschUcheit  Neuroglia. 
1895. 
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been  a|>j>Iie(l.  Weigert  says:  '*JIaiiy  authors  beliovo  that  tbo  osseii- 
tial  lesion  in  syringuiiiyelia  is  the  format  ion  of  a  tumor  followed  hy 
softening  and  the  fonnatitni  of  a  cavity.  It  is  admitted  that  there 
is  a  growth  of  neuroglia  i>f  the  typical  fibre  tyi)e  about  the  cavity. 
But  this  fibre  mass,  devoid  of  cells,  does  not  resemble  a  glioma  and 
there  is  no  reason  to  Ijelievo  from  the  mere  presence  of  neuroglia  tliat 
the  cavity  is  not  a  ctnigenital  or  ac(|uired  abnormality  of  the  central 
canal  There  is  a  thick  cluster  of  neuroglia  fibn^s  normally  about 
the  eanuL  Hy  the  pressure  in  this  enlarged  eanal  the  nervous  tissue 
may  he  destroyed,  and  hence  a  growth  of  neuroglia  fostered.  If  the 
pressure  increases  the  neuroglia  may  also  be  destroyed,  and  in  its 
place  al)out  tlie  cavity  a  hyaline  formless  mass  may  remaiti.  The 
ghosis  is  not  the  essential  feature,  it  is  only  a  secondary  result.*' 
Turner,'  however,  has  ^leseribeti  a  case  in  which  there  is  a  gradual 
and  direction  transition  l>etween  a  true  glionja  and  a  glit^matous 
infiltration  of  the  cord  with  the  production  of  a  cavity. 

3,  Many  authors  have  tjbserved,  suiise^yently  to  disease  of  the 
spinal  arteries,  the  formation  of  cavities  in  the  cord  indepemlent  in 
theu^  situation  of  the  centra!  canal.  Thus  Mtiller  and  Medin  have 
seen  a  cavity  in  the  gray  matter  <^f  the  cord  with  walls  of  normal 
nerve  tissue  \\Tth  no  signs  of  inflanmiatory  thsease  or  of  proliferation 
in  the  glia,  the  size  of  the  cavity  corresponding  in  situation  to  the 
degree  of  endarteritis  in  the  spina!  vessels  and  having  no  definite 
relation  to  the  central  canal  Wieting  has  ilescribed  a  ctird  ccmtain- 
ing  numerous  cavities  rlue  entirely  to  the  low  nutrition  of  the  nerve 
tissues,  and  eonsetiuent  necrosis  from  disease  of  the  spina!  arteries 
in  connection  with  meningo-myelitis.  It  has  been  thought  by  Kjon* 
thai  that  lymph  stasis  witliin  the  cord,  anil  conseijuent  necrosis, 
produee<t  by  transverse  c<jnipression  of  tlie  cord,  may  lead  to  tlie 
formation  of  cavities  which  may  or  may  not  communicate  with  the 
central  canal;  but  this  surmise  is  doubtful,  since  compression  by 
tumors  or  after  Pott  s  disease  is  not  iound  to  cause  ca\dties.  The 
8uppositif>n  that  a  cavity  in  the  cord  may  be  ilue  to  a  diseased  con- 
dition of  the  bloodvessels  set^ms  proven  in  some  cases;  l>ut  such 
ciivities  do  not  resemble  those  of  syringi^myelia,  anrl  the  suggestion 
finds  little  support  in  Weigert^s  hypothesis  regarding  the  function 
of  neiin>glia.  For  if  this  hyjjotbesis  be  correct  a  neuroglia  growth 
would  occm'  to  re)>laee  the  disintegrated  nerve  tissue,  and  in  the 
attempt  of  nature  to  fill  u[\  the  empty  sfiace  would  be  thickest  aliout 
the  cavity.  Necrotic  cavities,  liowever,  rarely  have  a  well-marked 
wall. 

4.  Van  Gieson  has  recently  ik^scribed  a  condition  which  he  calls 
hematcr-myelo-porus,  of  jjerforathig  hemorrhage  in  the  cord,  with 
the  production  of  a  long,  narrow  cavity.  Huch  a  cavity  is  occasion- 
ally surrounded  by  thickened  glia  tissue.  Van  Gieson  shows  that 
some  cases  which  have  been  des<'ribed  as  syringomyelia  have  really 


'   TiiriK-r  aiui  Miickiiitosb.     Brain,  1890,  Pt.  Ixxv. 
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?Ti  old  cases  of  heiiiorrliafre.  Turner  and  Miickintosh  point  out 
that  the  presence  of  a  fibrin-like  inatt'rial,  wliifii  they  ilescribe  in 
sonie  of  the  ca\itie8  in  several  ca^se*?  of  glioniatosis  of  the  cord,  sug- 
gests that  hemorrhage  assists  in  the  fonuatioii  of  these  spaces. 

6.  Lastly,  there  is  not  waotinj^:  an  liyi^othesis  which  would  trace  it 
to  bact(*rial  infection.  Prus/  from  a  careful  study  of  Morvan's  dis- 
ease, reachcci  the  condusicnu  which  several  authors  Imd  ulreatly 
announced,  that  Morvan's  disease  and  syririij^oinyelia  are  identicaL 
He  calls  attention*  however,  to  the  fact  that  Zanihan*  maintains  that 
it  is  identical  with  lepra  aiKestlietica,  the  l>acilhis  of  which  can  be 
recognized.  Ami  he  ai>|Kvirs  to  be  willing  tc>  admit  that  the  three 
(hseases  are,  in  fact,  due  to  the  same  cause,  namely,  an  infection  of 
the  nervous  system  by  a  germ  which,  in  the  lighter  forms,  attacks 
the  peripheral  nerves  only  antl  in  the  more  severe  forms  attacks  the 
spinal  cord.  In  this  view  the  neuroglia  formatifjii  is  set  up  by 
the  irritation  of  \\w  bacillms,  ami  the  cavity  is  due  to  the  disin- 
tegration of  the  gliomatous  substance.  Tliis  hypothesis  is  strongly 
combated  by  Babes,  wln>  \ms  observed  six  cases  of  lepra  in  which  the 
bacilli  were  ff^und  in  the  cells  of  the  cord,  but  in  whieli  there  was 
no  lesiim  resejjiijling  lliat  of  syringurjiyelia. 

It  seems  evident,  therefore,  from  a  re\iew  of  these  various  h)7.>o- 
theses,  that  cavities  may  be  formed  witliin  the  spinal  cord  under 
varying  circumstances  and  by  various  pathological  processfs.  First, 
from  congenital  defects  of  de\'eIopment :  secondly,  liy  a  disintegration 
subsequent  to  a  neuroglia  j>roliferalion  either  of  inHanunatory  tirigin 
or  of  spontaneous  occurrence;  thirtlly,  a«s  x\w  result  of  retrograde 
metamorphosis  of  tissue,  the  nntriticm  of  wliich  is  inii>aired  by  ob- 
struclion  to  the  circulation;  fourthly,  by  actual  destruction  of  the 
cord  by  hemorrliage. 

The  time  has  not  yet  come  to  establish  conclusively  any  one  of 
these  \news  of  the  origin  of  syringomyeha.  In  fact,  until  cases  are 
observed  at  the  outset  of  the  thsease,  as  well  as  after  a  long  duration, 
no  basis  for  a  conchjsion  can  be  establishetb 

Wht^ri  the  cavity  hits  existed  for  some  time  it  is  not  uncommon  to 
find  evitleuces  of  ascemling  ami  descending  degeneration  in  the 
columns  of  the  cord,  w^hich  are  secondary  to  pressure  or  to  the 
destruction  of  tissue  at  its  point  of  maxinuim  extent.  Degeneration 
in  the  mo  I  or  nerves  and  atrophy  f»f  the  muscle  hl»res  are  also  parts 
of  the  lesion  in  this  ihsease.  The  various  trophic  disturbances  in  the 
bones  and  -^kin  also  re([uire  mention. 

Symptoms*  The  fliagnosis  of  svTingomyelia  rests  upon  the  pres- 
ence of  three*  characteristic  s\in])tonis  which,  in  the  majority  of  cases, 
are  present  together.  The  existence  of  one  of  tla^se  symi)toms  alone 
should  excite  suspicioii  of  the  possibility  of  the  disea-^e  being  present. 
The  presence  of  any  two  of  them  make  the  liiagnosis  very  i^rohable. 
These  sjaujitoms  are,  first,  a  loss  of  the  sensations  of  pain  and  of  tem- 
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perature  in  any  part  of  the  body,  tactile  so  rise  being  preserveii  in  the 
analgesif  area;  secondly,  trophic  disturbances  in  the  skin,  nuiscles, 
bone.s,  or  joints;  tliirdlvi  progressive  muscular  atrophy  attended  by 
paralysis. 

In  addition  to  these  symptoms  there  may  be  (a)  a  s]>astic  para- 
I)legia,  or  (h)  disturbance  of  taetile  sense  with  pain,  or  (c)  the  general 
Hymj)toms  of  transverse*  myelitis  in  cavse  the  disease  invade  respec- 
tively the  («)  lateral,  or  (ji)  posterior  columns  of  the  cord,  or  (j)  its 
entire  area.  Such  an  extension  is  not  uncommon,  and  hence  these 
symptoms  must  be  considered  as  a  frequent  comi)lication. 

The  distribution  of  the  characteristic  symptoms  of  the  disease  will 
depend  entirely  upon  t!ie  extent  of  the  lesion  in  the  cord.  As  this 
lesion  usually  I )egi OS  in  the  cer\neal  segments  the  s}^nptoms  almost 
always  appear  in  the  hands.  If  the  lesion  be  limited  to  one  or  two 
segments  of  the  con!  the  symptoms  will  be  very  limited:  Init  if  it 
extend  thnaighout  the  erdire  length  of  the  cord  and  upward  through 
tlie  medulla  and  poiLs  to  the  crus,  the  s}^nptonls  will  be  wides}>read 
and  will  involve  the  cranial  nerves.  The  course  of  the  disease  is  a 
very  chnmic  one,  the  symptoms  coming  on  slowly  at  any  age,  and 
often  reaching  a  certain  point  and  remaining  stationary  for  years, 
the  hfe  of  tlie  jmtient  being  ended,  a,s  a  rule,  by  some  intercurrc^nt 
disease,  though  occasionally  sudden  death  is  caused  by  the  rupture 
of  the  ca^aty. 

The  disturbance  of  sensation,  ealled  I>v  Charcot  dissociated  ana^- 
thesia,  is  the  chief  characteristic  of  the  disea.se.  It  is  a  symptom 
which  is  frequently  unknowTi  to  the  patient  imtil  it  is  demoastrated 
by  the  j>hysician,  altliough  occa.sionally  among  the  working  classes, 
who  are  nmch  exposed  to  injuries,  the  patient  may  have  noticed  that 
sucli  injuries,  especially  burns,  were  ntjt  attended  l>y  pain.  It  is 
found  upon  examination  of  these  persons  that  pricking,  or  cutting, 
or  burning,  or  freezing  of  the  affected  area  is  not  atteiuled  by  sen- 
sations of  j>ain,  or  of  heat  or  cold,  though  the  sense  of  touch  is 
preserved.  The  sense  of  heat  may  be  impaired  when  that  of  cold 
remains,  or  conversely.  The  sense  of  jiain  is  a  great  protection  to 
the  body,  giving  w^arning  of  injury  and  assuring  care  and  rest  of  the 
part;  hence  its  absence  exposes  these  patients  to  the  risks  of  serious 
affections  of  the  skin  and  joints,  the  consequence  of  neglect  of  small 
pathological  })rocesses  at  their  start.  The  sense  of  touch  is  not  often 
affected  at  all,  idtliough  in  cases  where  the  cavity  ]>rogresses  to  a 
considerable  size  and  invaders  th**  posterior  columns  of  the  cord  it 
may  become  somewiiat  blunterL  Thn  nuiscular  sense  apjiears  to  be 
preservetb  excepting  in  this  last  class  of  cases.  It  is  from  these 
phenomenn  of  thssociated  aiuesthesia  that  the  conclusion  has  been 
reached  that  the  paths  of  sensations  of  pain  and  tenij^erature  differ 
in  their  location  from  those  of  tactile  sense,  and  that  they  pa^s  into 
the  central  [portion  of  the  gray  matter  of  the  spinal  cord  soon  after 
tlieir  entrance.  It  is  certain  that  their  entire^  course  from  below 
upward  is  not  in  the  gray  matter,  other\^ise  a  limited  lesion  of  this 
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portion  in  tht*  ftTvira!  h^egmenl.s  would  produce  a  dij^itiirbtince  of  these 
Beiisen  in  the  entire  ImrIv  Ijelow  the  lesion;  but  it  appeiirs  that  these 
sensationj^  on  their  way  fnmi  the  surface  of  the  body  to  the 
centri|jetal  winte  columns  of  the  cord  (the  anterodateral  tracts — 
see  page  191)  traverse  the  gray  matter  at  the  level  at  which  they 
enter;  hence  the  distribution  of  this  disturbance  of  sensibility  corre- 
Bponils  exactly  to  the  jiositinn  of  the  lesion  in  the  s]jiniil  cord.  As 
tlie  exact  area  of  the  skin  relateil  to  the  individual  segments  of  the 
cord  has  been  determined,  it  is  possible  to  reach  a  diagnosis  of  the 
exact  extent  of  the  spinal  lesion  by  determining  the  exact  extent  of 
the  analgesia/  The  thagram  on  Plate  XII L  shows  this  relation 
so  far  as  it  is  at  present  detennined.  It  demonstrates  that  the 
various  districts  of  the  skin  can  be  assigned  to  the  various  seg- 
ment.«  of  the  cord,  Tlie  distribution  of  the  analgesia  in  s\Tingo- 
myelia  is  usually  irregular,  rarely  symmetrical  on  the  two  sides. 
Inasnmeh  as  the  affection  is  more  common  in  the  cervical  region  tlie 
condition  of  analgesia  is  more  frequently  found  in  the  hands  and 
arms.  It  is  found  that  small  injuries  to  the  fingers  are  not  attended 
l>y  pain,  an  abnormality  which  first  directs  the  patient's  attention 
to  the  existence  of  his  ilisease.  In  the  early  stages  of  the  disease 
there  is  merely  a  decided  Ivlunting  nf  the  s(msations  of  jiain  and  an 
inability  to  *listinguish  between  slight  variations  trf  temperature,  or 
certain  sensations  only  are  not  perceived.  Thus  Dejerine  records  a 
case  in  which  the  thermal  sense  was  kjst  for  nil  temperatures  above 
68*^  F.  The  area  of  analgesia  may  not  cf»ineide  exactly  with  that  of 
loss  of  temperature  sense.  vSensations  of  cold  or  of  burning,  or 
sharp  pains,  sometimes  preceile  the  loss  of  sensatifjn.  Wlien  the 
diseiise  ixS  fully  estabhshed  the  patient  cannot  chstinguish  any  dif- 
ference Ijetween  iced  water  and  boiling  water,  and  a  deep  incision 
may  be  made  without  the  sliglitest  pain. 

Trophic  disturl>ances  are  a  very  frequent  symptom  in  syringo- 
myelia. In  the  majority  of  patients  it  is  evident  that  the  origin  of 
these  disturbances  is  some  injury,  wound,  or  burn  that  had  not 
been  observcfl  on  accranit  of  the  loss  of  jmin  sense,  an^t  that  had 
then^fore  lieen  neglected,  had  lieeome  infected,  and  had  gone  on  to 
ulceration  or  su|>piu"ati4Ui.  In  some  causes,  however,  it  is  impossible 
to  ascrilH^  trophic  disturbances  to  this  cause,  and  the  hypothesis  of 
the  existence  of  trtjjiliic  centres  in  the  spinal  cord  presiding  over  the 
general  nutrition  and  the  rejKiir  of  the  t>ody  receives  its  chief  support 
from  the  facts  observetl  in  this  di.sease. 

The  skin  is  the  seat  of  the  chief  trophic  disturt>ances.  Tliese  may 
be  of  various  kinds.  There  may  be  localized  liypera?mia  or  ana'mia 
of  the  skin.  There  may  l)e  clianges  in  the  perspiration,  the  part 
being  abnormally  covered  with  sweat  or  abnormally  dry;  and  in 
addition  to  tlie  acute  inflammations  of  the  skin  already  mentioned 
as  produced  by  injuries,  cases  have  been  observed  of  serous  exu- 


*  Max  Lachr.    Arch.  I.  Psychialrie,  ldd6,  xxviii.^  773. 


SYMPTOMS  OF  SIRINOOMYELIJ   OR  (;LrOSlS  SPINALIS,    271 

Morvfiii^  ilescribed  a  diseai^e  ocoiirriug  in  a  seaport  of  France 
anmiig  fisliernien,  in  which  felnn.s  u|>|K^are(1  u{)on  tlie  fingers,  pro- 
dyeing  deej)  uleerations  and  even  itecro?^is  of  the  tennhud  plialanges, 
Tlirsf  were  as.sofiated  with  other  trophic  ihstnrlianees  of  the  skin 
and  nails,  and  with  analgesia.  This  (hsease,  which  was  named  after 
Morvan»  is  now  thought  to  he  a  variety  of  syringomyeha,  for  in  all 
eases  examined  after  death  a  cavity  lias  been  found  in  the  spinal 
cord.  Fig.  85  sho^^  the-  a(){>eanince  of  the  hands  in  Morvan's 
ihsease. 

The  gro\vi,h  of  the  nails  is  commonly  affected  in  the  disease.  They 
are  hypertropliied,  ridged,  and  occasionally  stained.  They  become 
parlienlarly  brittle  ami  are  irregular  in  their  form. 

Affections  I rf  tlie  joints  and  Ikiiios  are  very  frequently  olisrrved  in 
syringomyelia.  In  fact,  there  is  no  nervous  disease  in  which  joint 
alTections  occm*  so  commonly  as  a  complication.  The  shouhler, 
elbow,  and  wrist  are  the  joints  naist  connnonly  affected.  In  this 
respect  the  tlisease  offers  a  contrast  to  tal>es,  in  which  the*  joint 
affections  most  fret[uently  (jceur  in  the  lower  extremities.  The  char- 
acter of  the  j(Mnt  atTectitm,  is,  as  a  rule,  quite  similar  to  that  described 
by  Charcot  as  occurring  in  locomotor  ataxia — a  hirge  effusion  \\ithin 
the  joint,  with  great  thickening  of  all  the  tissues,  and  later  an  absorp- 
tif»n  of  the  bon*\s  with  an  atrojihy  of  the  joint  surfaces.     Fig.  80 
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shows  the  ap])earance  of  a  patient  suffering  from  an  arthropathy  of 
the  right  slioulder,  and  Fig.  K7  sliows  the  condition  found  in  the 
bone  after  death.  Sehlesinger  has  collected  sixty-three  ca*se^  of 
joint  affection  occurring  in  the  cmirse  of  the  disease,  and  he  esti- 
mates that  this  c(tmplic{ition  occurs  in  mf>re  than  10  per  cent,  of  the 
cases.  Alterations  in  the  conchtion  of  the  long  bones  are  observed 
in  syringomyelia,  and  sjHintaneous  fractures,  due  to  a  s])ongy  and 
brittle  condition  of  the  l>ones,  have  lieen  recorxled  by  a  mnnlx-r  of 
ol>servers.     Both   the  joint  affections  and  these  fracturc^s  proceed 
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without  pain  to  thp  patient,  mid  hence  are  often  neglected  for  some 
time  aft^T  they  begin. 

In  a  considerabie  nnniber  of  causes  a  niiirked  cnrvatun^  of  the 
spine,  either  kiteral  or  forwtird,  and  occasionally  backward,  lias  been 
observed.  Tliis  has  l^een  ascribeil  by  stmie  authors  tci  atrophy  and 
weakness  of  the  spinal  muscles  and  by  others  to  actual  changes  in 
the  bones.  Both  conditions  may  occur.  The  spine  is,  as  a  rule, 
sensitive  to  pressm^e.  Deformity  is  juore  likely  to  occur  in  the 
upper  portion  of  the  dorsal  regi<ni  than  elsewhere.  It  is  never  very 
extensive. 

Fin.  87. 


UumeruBtitKl  fK'apiila  of  the  righi  side.  The  head  of  ibe  hnmerns  hns  been  destrayed.  The 
gletiokl  suifaee  of  tbe  »eapula  la  enlArged.  and  its  edges  are  thicki?npd  by  bony  depoaitjs.  The 
ooraci^ld  process  prcsen  ta  perl  phera  l  Accretlo  ns.    ( Ucrc  um . ) 

As  the  records  of  the  disease  have  increased  its  incidental  associa- 
tion with  various  diseases^acrt^megaiie,  hysteria,  paralysis  agitans — 
has  been  recorded.    Such  associations  have  no  particular  significance. 

Muscular  atrophy  attended  fjy  jiaralysis  is  present  in  more  than 
one-half  of  th(*  cases  of  syringomyelia.  It  usually  liegins  as  a  pro- 
gressive muscular  atrophy  invading  the  liands,  €»specially  the  first 
lunibricalis  muscle,  then  the  thenar  and  hy|x>thenar  eminences, 
finally  produt'ingchiw-hands  imam  en  griff e  of  IJuchenae),  and  then 
advancing  up  the  limit  to  the  forearm,  arm,  and  shoulder.  Occa- 
sionally the  shoulder  muscles  are  the  first  to  be  affected,  and  then 
the  atrophy  appears  in  the  tleltoid  and  scapular  nmseles,  and  later 
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invades  the  biceps  and  supinator  longui?!.  The  nuiseles  of  the  spine 
are  particylarly  liable  to  be  invaded  by  the  atrophy  and  parrdysis, 
and  iLs  a  cons(?'(|uenee  curvature  of  the  sj)ine  is  a  very  frequent  symp- 
tom in  this  ihstnise,  Tlie  legs  are  less  frrciuently  affected  (12  per 
cent*  of  the  eases),  but  atrophic  paralysis  nf  the  tliighs  and  of  the 
legs  below  the  knee  with  eonse(|uent  con  tract  ores  has  brnui  seen. 

The  exact  tlistribution  of  the  atrophy  and  |>aralysis  depends  upon 
the  extent  of  the  lesion  in  the  various  segments  of  the  cord.  In  the 
tal>le  already  given  on  |iage  173  the  relaticm  betweeri  the  various 
muscles  of  the  l>ody  and  the  various  segments  uf  tlie  eoni  is  shown. 
It  is  therefore  evident  that  from  a  knowledge  of  the  nmscles  invaded 
a  conclusion  can  be  reached  as  to  the  extent  of  the  lesion.  The 
atrophic  paralysis  of  the  muscles  is  attende<l  by  fil>rillary  contrac- 
tions and  tremors  anil  by  a  gradual  dhninntinn  in  the  mechanical  and 
electrical  contractility  of  the  nuiscle.  It  is  only  in  tlie  last  stage  of 
tlie  disease,  when  the  mascle  is  extremely  atrophierb  that  it  presents 
the  reaction  of  degeneration. 

The  spina!  reflexes  may  be  disturbed  in  this  fliseasc.  When  the 
symptoms  are  located  in  the  arms,  elbow  and  wrist  reflexes  are 
lost,  wluJe  the  patella  reflex  is,  as  a  rule,  increased.  If,  however, 
the  disease  invades  the  lumbar  region  of  the  cord  the  patellar  reflex 
may  be  lost  on  the  side  of  the  lesion. 

In  a  few  cases  in  which  the  sacral  region  of  the  cord  has  l>een 
diseased  a  loss  of  control  of  the  bladder  an<!  rectum  has  occurred. 

The  spinal  centre  of  the  cervical  sympathetic  nerve  lies  in  the 
first  dorsal  segment  of  the  cord,  and  as  tins  segment  is  very  fre- 
quently affectedt  syi!i|>tonjs  of  jjuralysis  of  the  symi>athetic  of  one 
or  Ix^th  sid(\s  are  commnnly  to  bc^  detected.  They  are  a  narro\\ing 
of  the  i>alpcliral  tissure,  a  retraction  of  the  eyebalb  sluggish  pupillary 
action,  with  imperfect  dilatation,  a  flattening  of  the  side  of  the  face, 
and  a  defective  secretion  of  sweat. 

The  extension  of  the  disease  to  the  medulla  may  cause  sjTJiptoms 
retV'rable  to  the  implicatitui  of  the  cranial  nerves.  Atrophy  with 
fibrillary  tremor  in  the  tongue  antl  facial  muscles,  ocular  palsies  with 
nystagmus,  and  dissociated  aruf^sthesia  of  the  face  and  head  have 
been  observed.  In  a  few  cases  paralysis  of  the  vocal  cords,  disturb- 
ances in  the  act  of  swallowirjg,  difliculty  ui  respiration,  and  irregular 
heart  action  have  inrlicated  that  the  vagus  centre  has  been  affected. 
These  spnptoms  are  most  serious,  as  smlden  tleath  comraonly  ensues. 

The  course  of  the  disease  is  a  chronic  one.  It  advances  slowly, 
ind  the  s}Tnptoms  are,  as  a  rule,  well  established  before  the  dis- 
ease is  recognizeiL  The  {patients  remain  for  months  in  a  stationary 
condition  or  the  paralysis  slowly  increases  until  they  are  disal>led. 
The  symptoms  may  finally  extend  to  the  entire  body,  although  this 
is  rare.  Death  occurs  en tlier  from  heart  failure,  or  from  cystitis,  or 
bed-sores,  or  from  somt*  intercuiTent  affection,  or  rarely  very  sud- 
denly without  apparent  cause,  really  from  a  rupture  uf  the  cord 
allowing  an  escape  of  fluid  from  the  ca\ity, 
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The  following  history  of  a  case  of  syringnmyeHa  under  my  obser- 
vation at  the  A'antlerbilt  clinic  illustrates  the  usual  s>Tiiptoms  and 
coui^se  of  the  disease: 

P.  S.»  of  healthy  parentage,  noticed  in  March,  1S96,  when  lie  was 
sixteen  years  of  age,  tliat  he  was  beeonnng  weak  an<!  clumsy  in 
his  hands,  that  he  was  drojipiiig  things  unintenli*mally,  aufl  was 

loi^ing  strength  in  his  arms.  These 
symptoms  were  noticed  in  the  left 
arm  1  before  tlu\v  api>eared  in  the 
riglit.  They  were  nut  attended  by 
pain  or  any  noticeable  sensory  dis- 
turbance. It  was  noticed  that  his 
hands  and  arms  became  giadually 
thinner  as  they  li(^caine  wi^aker, 
and  the  emaciation  soon  extr^ndet} 
Ui  his  body,  especially  about  the 
muscles  of  the  chest,  and  back, 
and  scapula.  He  was  not  aware 
of  any  sensory  disturbance  until 
the  time  of  his  first  examination  at 
the  clinic  in  January,  1S97.  He 
Imd  had  no  trouljle  with  his  blad< ler 
or  reetuiiL  He  had  had  no  synip- 
toms  in  his  legs,  excepting  a  slight 
weariness  on  any  exertion,  but  he 
had  noticed  that  his  back  liad 
gradually  lieconu*  crooked,  the 
right  side  of  his  botly  apix'aring  to 
Indge.  It  was  eviiient  from  the 
lust<iry  that  all  his  symptoms  had 
made  such  gradual  ])rogiTss  dur- 
ing the  year  tluit  they  had  not 
attracted  nuich  attention  until  his 
inability  compelled  him  to  quit 
work. 

Examination  in  January,  1897, 
showed  a  very  marked  condition 
iif  atrophy  with  corresiMinding 
|.)ara lysis  in  the  muscles  oi  iKitli 
ui)p(*r  extremities,  chest,  scapuhe, 
and  back,  as  shown  in  the  ]jic- 
ture,  (Fig.  88.)  No  muscle  was 
entirely  paralyzed,  Init  all  the  mus- 
cles were  extremely  weak,  presented  fibrillary  contractions  on  expo- 
sure to  cold  or  on  percussion,  but  I  lid  not  shnw  any  reaction  of  ile- 
generatton.  The  atrophy  was  most  extreme  aliout  the  nmscles  of  tlie 
seajiiihe  and  in  the  deltoids  and  upper  part  of  the  arms.  The  nmseles 
of  the  thorax  and  back  w^ere  markedly  atrophied,  so  that  a  lordosis 


Cam  of  sjyrlJigrimyellfl.  Atrophy  of  the 
moMilei  of  I  he  KhoulderB  aD<l  right  arm. 
CurrAtureof  (bejiipiue  fonrftnd  fromatrophj 
ofinuiclesor  the  Imck 


DfAtiNOSIS  OF  SYRIXGOM TELIA  OR  GLIOSIS  SPISALIS.     275 


wm  very  evitknit.  causing  }x*eiiliar  niolioiii^  of  Ijahiriciiig  in  the  art  of 
walking.  The*  atropliy  wms  about  e(|ual  on  hoth  sides.  The  biceps 
was  less  atropine  than  the  other  museles  of  the  upper  arm.  The 
flexors  aiui  extensors  of  wrist  and  lingers,  tlie  thenar  and  h^^io- 
thenar  muscles,  and  the  int^rossei  of  the  hand,  were  very  much 
atrophied.  The  lower  portion  of  the  pectoraUs  major  on  both  side?* 
was  preserved,  but  the  npjjer  part  was  atrojihic.  The  muscles  of 
the  alxlomen  and  legs  were  not  in  any  way  affected,  but  tlie  knee- 
jerLs  were  very  nuich  exaggerated,  and  there  was  ankle  clonus  on 
b<}th  sides.  The  elbow  and  wrist  reflexes  were  lost.  Face  wiis  nor- 
mal. Sensation  to  touch  was  preserved  in  all  jiarts  of  the  extremi- 
ties, body,  and  thorax,  but  sensations  of  lu*at  and  cold  nnd  t»f  pain 
could  not  be  perceived  over  the  U|*per  part  of  the  thorax  or  in  both 
upper  extremities.  The  loss  of  pain  sense  wus  somewhat  less  exten- 
sive than  the  loss  of  sensation  to  heat  and  cold  on  the  back.  This 
patient  was  t)l)served  very  can^ully  in  St.  Luke's  Hnspital  for  six 
months,  but  there  was  little  {*r  no  cliange  in  his  conditifui.* 

Diagnosis*  ^Mien  the  three  charncteristic  symptoms  ah^eady  men- 
tioned ar*'  |)resent  in  any  case  there  is  no  question  reganiing  the 
diagn<»sis  of  syringomyelia.  In  the  early  stages  af  the  disease,  how- 
ever, Ijefore  all  three  symptoms  ai)[>ear.  the  dii^ease  may  be  mistaken 
frir  other  spinal  affections.  Thus  many  cases  are  regarded  fnr  a  con- 
siderable time  as  cases  of  |)rogressive  muscular  atrophy  or  of  chronic 
anterior  polii»myelitis,anil  it  is  only  on  the  appearance  of  the  peculiar 
sensory  disorrler  or  of  the  trophic  syniptoms  in  the  skin  or  bones  tliat 
the  first  ihagnosis  becomes  i  (uesti{Hial)Ie.  In  otlier  cases  the  early  sus- 
picitui  may  be  of  tabes,  especitdly  if  tlie  tUsease  be  located  in  the  lower 
part  of  the  cord,  for  then  the  pains,  especially  the  burning  sensations, 
the  disturlmnees  in  teni|>erature  and  pain  sense,  a!id  the  par:esthesia, 
with  trophic  distmbances  in  the  joints  and  loss  of  tendon  reflex  at 
the  knee  may  suggest  locomotor  ataxia,  even  though  the  ataxia  be 
not  manifest.  Then  it  is  only  when  atrophies  of  the  muscles  and 
paralysis  occur  that  syringomyelia  is  suspected.  The  iliagnosis  from 
amyotrophic  lateral  sclerosis  may  he  made  fnmi  tlie  fact  that  in  that 
diseiise  there  is  an  increase  of  mechanical  <*xcital>ility  in  the  [laralyzed 
muscles,  an  increase  of  reflex  action,  the  early  appearance  of  a  spastic 
gait,  an  absence  of  sensory  symptoms,  ami  little  tendency  to  trophic 
disorders. 

A  general  myelitis  or  a  ilisseminated  myelitis  may  be  (Uagnosticat^d 
in  cases  of  syringomyelia  wlien  IxTth  motor  and  sensory  and  trojihic 
tlisturbances  are  present;  but  the  lack  of  symmetry  of  the  sensory 
disorders  and  the  peculiar  jireservation  of  tactile  sense  in  swingo- 
myelia  should  enable  the  oljserver  to  avoid  this  mistake.  It  is.  how- 
ever, to  be  reniembipred  that  in  some  cases  the  two  tliseases  occiu* 
together.^ 

'  For  othrr  hUtoriei^  tlio  reoder  is  referred  to  the  Aniprican  Jou roftl  of  the  Medicnl 
Scieucr^,  Mny,  1SS8,  and  December,  18QG 
*  Gowens.     Diaeaaea  of  the  Ner\  oua  System,  vol,  L  p.  339, 
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T\Tiile  it  is  true  tliat  sjTiiigoiiiyr'lia  is  often  due  to  a  tumor 
of  the  spinal  cord,  especially  glioma,  it  is  to  be  remembered 
that  tumors  of  the  conl  are  usually  limited  in  extent  to  two  or 
three  segments,  that  they  [miduee  nif^re  widespread  symptoms 
than  syringomyelia,  especially  in  the  body  below  the  level  of  the 
lesion;  tiiat  tlie  symptoms  reseinl>le  those  of  a  transverse  myelitis  of 
rapid  onset,  and  that  pain  of  a  severe  character  is  a  constant  symp- 
tom in  spinal  tumors.  The  course  of  the  disease,  steadily  [progressive 
in  tumor,  may  aid  the  iliagnosis  when  symptoms  are  ambiguous. 
Pachymeningitis  cervical  is  may  give  rise  to  somewhat  similar  symp- 
toms in  the  arms:  but  the  severe  ]min  in  the  neck,  the  rigidity  and 
the  fixed  jjosture,  the  absence  of  dissociated  anaesthesia,  and  the  lack 
of  trophic  disturbances  will  |)revent  any  mistake  in  diagnosis. 

S>Tingomyelia  presents  some  of  tlie  features  of  bulbar  palsy  when 
the  ca\dty  invades  the  medulla  and  pons;  but  the  cavity  is  rarely 
confined  to  the  medulla  and  pons,  and  hence  in  syringomyelia  the 
S}Tnptoms  an*  not  exclusively  bulbar:  thus  a  point  of  distinetinn 
between  the  two  disea^ses  is  afforded. 

Prognosis.  The  prognosis  as  to  recovery  is  unfavorable;  Init  inas- 
much  as  the  disea.se  rarely  progresses  beyond  a  C(Ttain  point  it  cannot 
be  cnnsidpred  dangerous  to  life. 

Treatment.  There  is  no  known  remedy  that  will  arrest  the 
pathological  process.  The  symjitoms  are  to  l>e  treated  as  tliey  arise — 
the  paralysis,  for  instance,  as  in  anterior  poliomyelitis.  The  tropliic 
disturbances  may  often  be  jirevented  by  care,  and  if  tliey  occur  are 
to  be  treated  by  rest,  by  mechanical  ap])hances.  or  by  surgical  meas- 
ures. The  .^lensory  loss  cannot  Ix*  remedied  V>y  faradic  applications. 
It  is  t-o  be  rememl>ered  that  the  disease  often  comes  to  a  sponta- 
neous standstill;  hence  remedies  of  a  constitutional  kind  are  not  to 
be  imiilicitly  trusted,  even  though  they  appear  to  arrest  it. 


CHAPTER    XVI. 

LATERAL  SCLEROSIS,    SPASTIC  PARAPLEGIA. 

History.  A  condilion  of  stiffness  in  the  Ir^s  that  slowly  advances 
jto  a  stat<*  of  paraiysLs,  with  incrensed  reH(»xes  aiifl  rigidity,  but  is 
"  Dt  attended  Ijy  sensory  synjijtonis,  thougli  recognized  by  Turek 
"in  1856,  was  first  described  by  Charcot  in  b%5.  It  was  carefully 
stytlied  in  1873  by  Seguin/  who  mirneil  it  tetanoid  paraplegia.  In 
1S75  a  complete  analysis  of  the  clinical  symptoms  wa>s  made  by 
Erl>.^  who  ascribed  them  to  an  ascending  sclerosis  of  the  lateral 
eolumns  of  the  spina!  cord  and  named  tlie  affection  sjiasmodic  spinal 
paralysis.  In  the  following  year  Charcot  differentiated  it  more 
clearly  from  other  spina!  affections,  naming  it  tabes  dormh  spas- 
modique.  Careful  observation  of  cases  soon  developed  the  fact  that 
as  a  syniptoinatie  condition  it  ap]>eared  much  more  commonly  as  a 
secomlary  affection  than  as  a  jirimary  disease.  And,  as  the  lesion 
of  lateral  sclerosis  was  ascertained  in  be  in  many  cases  tlie  result  of 
transverse  lesions  of  the  cord  at  a  high  level,  and  its  identity  with 
secondary  descending  flegeneration  in  the  lateral  columns  was  estab- 
lished, many  oI>servers  tlenied  the  existence  of  a  primary  lateral 
scierosis  and  affirmed  that  every  case,  if  of  sufficient  ikn-ation,  would 
prove  to  Ite  of  a  secondary  nature.  It  ^vas  shown  that  the  lateral 
tracts  in  the  spinal  cord,  the  sclerosis  in  which  caused  the  sjTiiptoms, 
are  made  np  of  axones  whose  neurone  bodies  lie  in  the  motor  area 
of  the  ceret>ral  cortex.  And  it  was  proven  tliat  any  disease  which 
affected  these  neim»nes,  whether  in  tlie  Ivrain  cortex  or  in  the  sub- 
cortical tracts,  in  the  brain  axis,  or  in  the  spinal  cord,  unilateral  or 
bilaterab  is  capable  of  causing  the  symptom  f>f  spastic  paralysis.  It 
was  e%ident,  therefore,  that  as  a  symptom  it  might  ai)}»ear  in  many 
different  diseases  and  be  due  to  many  various  lesions. 
It  has  been  shown  tliat  lateral  sclerosis  results  from: 

1.  Any  disease  in  the  brain  that  affects  the  motor  tracts,  such 
as  tumors,  softening,  hemorrhagic  destruction,  or  inflammation,  %vith 
its  ilegcnerative  results.  Thus  it  is  the  lesion  present  in  infantile 
cerebral  palsy  (Little's  «Usi*ase),  whetlier  unilateral  or  liilateral,  and 
also  in  hytlrocephalus.  It  may  also  occur  in  nmltiple  sclerosis.  After 
brain  disea^nes  it  is  usually  unilateral  It  may  be  bilateral  if  the 
brain  axis  is  destroyed  and  lioUi  motor  tracts  are  affected. 

2,  Any  disi*ase  in    tlie   spinal    cord    that   involves   the   latera 
columns  or  cuts  them  oft"  from  their  nutrient  cells  in  the  cortex  of 


i  New  York  Medical  Jounml,  1873. 

■  Vircbow's  Archiv,  vol.  Ixx.,  ftiid  Berliner  klm,  Woch.,  No.  26,  1875. 
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the  brain,  t^ufh  a>«  transverse  myelitis,  hemorrhage  in  the  cord, 
Byringninyehap  r()ml)inr(l  nr  di.sseminatetl  sclerosis,  tir  tunitirs  of  the 
cord, 

3,  Any  disease  of  the  spine  which  conij  cresses  the  spinal  con  I,  such 
as  caries,  tumors  of  the  vertebra,  pach\Ttieningitis,  or  aneurism. 

There  are,  however,  certain  cases  in  whicli  the  symptoms  of  spastic 
jvaraplegia  develop  that  cannot  be  assigned  to  any  of  these  causes, 
since  no  symptoms  of  these  diseases  appear.  And  in  a  few  such 
cases  death  has  occurred  anil  the  autopsy  has  proven  that  the  lesion 
was  a  lateral  sclerosis/  Oppenheim,  Dejerine  and  Soltas,  Striimpell, 
and  others  have  published  cases,  Tlierefore  it  is  admitted  that  the 
disease  may  occur  as  a  primary  one,  beiiig  a  degeneration  of  the 
motor  neurone,  whose  body  lies  in  the  brain  cortex  and  whose  axone 
lies  in  the  lateral  pyramidal  tract.  This  is  the  cortico-spiiial 
element  of  the  motor  tract. 

It  has  already  been  shown  that  the  spinomuscvilar  element  of  this 
tract  is  subject  to  degeneratioji  in  chronic  anterior  poliomyelitis 
(page  223).  It  has  been  sho^Ti  that  in  amyotrophic  lateral  sclero- 
sis both  cortico-spinal  and  spiiiomiiscular  elements  are  degenerated 
togetlier  (page  223).  Hence  tlie  arguna^nt,  from  analog^^  jwiiits  to 
the  existence  of  firimary  lateral  sclerosis.  Furthermore,  Strunji>ell 
has  shown  that  in  certain  families  a  tendency  exists  to  an  imperfect 
development  of  the  lateral  colunms  of  the  cord,  and  he  has  estab- 
lished the  existence  of  a  family  type  of  lateral  sclerosis.  Therefnre 
the  existence  of  the  disease,  both  congenital  and  acquired,  nnist  be 
ailmitted,  having  been  proven  by  pathological  oliservation. 

In  1892  I'J'l)  differentiated  from  primary  lateral  sclerosis  a  second 
clinical  form  due  trj  sy|)hilis,  an<l  named  it  syphilitic  spastic  spinal 
paralysis.  It  usually  develops  within  five  years  of  the  initial 
lesion.  It  tliffers  from  spastic  para{>legia  in  the  facts  that  ilis- 
turliances  in  the  control  of  the  bladder  and  rectum  occur,  and  that 
there  may  be  slight  subjective  aod  objective  disturbance  of  sen- 
sation. It  has  a  slow  onset  and  a  chronic  coui-se.  An  analysis  nf  the 
cases  made  by  Koch"  in  1893  and  adfled  to  l>v  Erb  in  1902  has  shrnvn 
that  the  lesion  is  a  transverse  myelitis  of  the  dorsal  region  of  t  he  cord, 
more  or  less  incomplete,  with  secondary  degeneration  doiMiward  in 
the  lateral  columns  and  upward  in  the  posterior  cohnnns.  Erb  is 
inclined  to  consider  these  dcgeneratii>ns  as  primary  and  due  to  the 
sy^ihilo-toxins,  but  admits  that  they  may  l)e  secondary  to  the  trans- 
verse lesion.  It  will  Ix^  considered  untler  cionjuic  myelitis^  as  I  do 
nr>t  reganl  it  as  a  true  primary  lateral  sclerosis. 

Etiology.  The  etiology  of  spastic  [>ara]>legia  is  obscure.  In  a  few 
cases  lung  niarciies  and  overexertion  have  been  known  to  precede 
the  development  of  the  disease. 

Trauma  has  been  tliought  to  be  a  cause,  for  some  cases  have  devel- 


*   See  ten  cation  cited  bv  Erb,  Loncet,  Oct.  11.  1902. 
»  Deut-  Zeitachr.  f.  Nerveiibt'ilk.,  1S03,  vd.  iii. 
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njH**!  aftpr  falls  or  l>lows  on  the  back.  It  ha.^  been  thought  to  be 
traroal>le  to  infectious  <lise;i?;es  in  a  few  eases. 

S}T>hili8  causes  a  condition  closely  allied  to  lateral  sclerosis,  an*l  is 
probably  a  cause  in  some  cui^es.  But,  as  in  tabes,  the  affection  is 
usually  a  parasyj^hilitic  disease  and  does  not  yieM  to  inerciirials  and 
ifjclide  of  potassium. 

Persons  in  miildle  life  are  most  liable,  the  majority  of  Ciu^es  (level- 
opinj:^  between  the  ages  of  twenty  and  forty  yean«.  Even  some  of 
the  faij^ily  cases  do  not  develop  until  after  the  age  of  twenty  years. 

Pathology.  The  ]>atho|(tgy  ui  the  aflection  consists  of  a  degenera- 
tion in  lla*  n*rtieo-s|nnal  element  i*f  the  motor  system,  beginning  in 
its  (>eripheral  ptrrtion,  which  lies  in  the  Inwer  part  of  the  lateral 
pyramidal  columns  of  the  spinal  cord.  The  degeneration  appears  to 
l>e  a  primary  one,  not  of  an  inflammatory  nature.  Little  by  little 
the  axones  atri»])hy  from  below  upward  and  disa[Ji>ear,  the  myelin 
tliat  surrounds  them  is  absorbed,  and  a  secondary  hyperplasia  of 
neuroglia  occurs,  resulting  in  a  sclerosis  accurately  limited  to  the 
distribution  of  the  long  tracts  of  motor  function  in  the  spinal  cord. 
In  the  cervical  region  the  anterior  median  columns  of  the  cord 
have  been  found  sclerosed.  The  aj^sociation  tracts  of  the  cord 
at>p<:*Hr  ti»  escape,  and  there  is  no  afTeetion  of  the  anterior  ht^rns 
or  of  the  spinonniscular  element  of  the  nerv<His  system.  The 
api)earance  of  the  s]>inal  cord  is  not  unlike  that  already  shown  in 
Figs,  35  and  36,  that  demonstrate  secon<!ary  lateral  sclerosis. 

Symptoms.  The  symptoms  of  spastic  jmralysis  are  a  very  grad- 
ually increasing  stiffness  antl  rigidity  of  the  muscles  of  the  legs 
attended  by  an  increase  in  the  reflexes  and  a  tendency  to  cramps 
and  tn-mor.  The  dise:ise  may  begin  on  one  side,  liut  soon  becomes 
bilaterab  The  patient  ajipreciates  difficulty  in  at!  mtitions  of  the 
legs;  he  cannot  step  freely,  he  cannot  gn  u|i  stairs  with  comfort  on 
account  of  great  stiffness  of  the  joints  and  nmseles.  It  requires  a 
great  effort  to  produce  slight  movements,  ant  I  |>a.ssive  motion  is  as 
difhcuit  as  active  voluntary  motion. 

The  gait  is  characteristic  of  the  affection.  The  feet  are  not  lifted 
from  the  grountl,  the  toes  are  dragged,  the  shoe  wears  out  on  its 
inner  surface  and  toe,  the  legs  cannot  be  afKlucted  freely,  and  the 
knees  have  a  tendency  to  overlap.  The  patient  shufHes  along  the 
ground,  his  steps  l>econiing  shfjrt,  there  fnung  trej)idation  due  to 
the  increase  of  reflex  action,  eiuising  a  clonus  (»f  the  ff»ot  at  every 
step.  Much  fatigue  is  felt  on  walking,  and  the  nmsclc^s  often  ache. 
Little  by  little  the  stiffness  increases  until  the  entire  lower  extremity 
H|>pears  to  be  moved  as  a  mass  without  any  motion  of  the  ankle 
or  knee-joints,  and  all  efforts,  such  as  crossing  tht*  leg,  knt*eling 
down,  or  kicking^  are  very  much  ham|>eretl  ami  finally  become 
impossible. 

The  muscles  appear  to  be  made  of  hard,  tense  cortls,  and 
offer  resistance  to  any  jiassiv**  movement,  IVrcussion  upon  the 
muscle  or  upon   its    tendon    is   innnediately  attended  by  a  quick 
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r^ponse,  or  even  by  severe  twitehings,  or  by  a  marked  clonus 
Such  twitehinj^s  and  spasms  miiy  occur  spontaneously  and  the 
patients  complain  of  craoipK  and  of  twitehings  wliicli  often  inter- 
fere with  sleep.  Ankle  clonus  appears  early:  a  clonus  is  often 
obtainable  in  the  toes^  and  pressure  upon  the  patella  or  upon 
the  adductor  tendons  of  the  thighs  may  elicit  a  clonus.  Some- 
times a  suilflen  tonic  spasm  of  the  legs  causes  a  straightening 
out  of  the  limb  and  adduction  of  the  thigLs,  The  Babinski  reflex 
appears  early.  The  muscles  of  the  hip  are  not  as  early  or  seriously 
affected  as  those  of  the  knee  and  ankle,  consequently  the  patient  can 
walk  for  several  years  after  the  disease  has  developed  and  can  mox^e 
the  thighs  in  tx^'d,  even  when  unable  to  walk.  But  as  the  tUsease 
goes  on  and  the  patient  is  finally  confined  to  the  chair  or  bed,  con- 
tractures of  the  affetted  nuiscles  accur^  the  knees  are  drawn  up  and 
^verlapf^ed,  the  heels  are  drawn  tightly  against  the  Inittocks,  and  the 
greatest  efforts  of  the  <'xaminer  fail  to  produce  an  extension  of  the 
l^.  In  this  condition,  wi)en  the  muscles  cannot  be  actively  or 
passively  moved,  they  gradyally  atrophy  from  disuse  until  finally 
the  legs  are  reduced  to  a  skeleton  appearance,  the  few  nuiscles  left 
being  still  contractured.  During  all  this  period  tliere  are  no  sensory 
sjTnptoms  excej>ting  general  muscular  pains,  and  there  is  no  disturb- 
ance of  the  bladder  or  rectum.  There  are  no  tropliic  changes  unless 
toward  the  close  of  hfe  long-continuetl  pressure  or  lack  of  care  results 
in  the  appearance  of  bed-sores.  Tiie  electrical  contractility  of  the 
muscles  remains  normal. 

The  disease  may  come  to  a  standstill ^  as  in  cases  reported  by  Erb 
which  had  been  stationary  for  twenty  to  twenty-six  years^  or  it 
may  be  a  very  slowly  progressive  one,  and  it  is  only  in  the  last  stages 
that  any  stiffness  or  rigirlity  of  movement  appears  in  the  upjier 
extremities,  Iti  fact,  vcTy  often  these  escajje  entirely.  Wlien  they 
are  involved  the  extensors  are  first  affected  ami  lx*come  rigid  before 
the  flexors:  the  tendon  reflexes  are  greatly  exaggeratetl.  \\  rist  and 
finger  clonus  is  obtained,  and  a  tremor  often  ajipears  in  the  hands. 

Diagnosis.  The  diagnosis  of  primary  lateral  sclerosis  should  only 
be  made  after  a  careful  search  for  a  cause  (s<^e  page  277),  and  every 
effort  should  be  made  to  discin^er  some  other  diseiise  to  which  the 
symptoms  of  spastic  jiaraplegia  are  secondary.  In  the  absence, 
however,  of  any  such  affection  the  fhagnosis  may  be  made.  Hys- 
teria sometimes  causes  a  condition  of  spastic  paralysis,  l)ut  the 
general  history  of  tlie  patient  and  the  course  of  the  cast^  esjjecially 
the  rapid  onset  of  symptoms  in  h>rsteria,  will  enable  a  tliagnosis  to 
be  made. 

Prognosis.  The  prognosis  is  invariably  unfavorable  as  to  recovery, 
but  the  course  of  the  disease  is  so  very  slow  that  the  patients  may 
be  assured  of  many  years  of  usefulness  after  the  disease  is  well  devel- 
oped.    In  some  cases  a  stationary  period  occurs  under  careful  regime. 

Treatment.  The  trpalment  is  pialliative.  Overexcrtitm  is  to  be 
avoided,  and  yet  walking shoutd  not  be  abandoned  until  impossible. 
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The  general  health  should  be  kept  in  good  condition,  and  every  means 
known  to  increase  the  nutrition  of  the  nervous  system  should  be 
employed. 

These  means  are  fully  discussed  in  the  treatment  of  locomotor 
ataxia,  and  what  is  there  recommended  to  arrest  the  progress  of  the 
disease  is  equally  appUcable  to  the  treatment  of  lateral  sclerosis. 

The  symptom  that  gives  greatest  annoyance  in  spastic  para- 
plegia is  the  spasmodic  contraction  of  the  muscles,  causing  jimiping 
of  the  legs  or  sudden  extensor  spasm.  This  can  often  be  controlled 
by  hot  baths  or  by  the  application  of  hot  bags  to  the  spine.  It  may 
be  much  relieved  by  the  use  of  bromides  in  full  doses  or  by  bromide 
and  chloral  combined,  or  by  the  use  of  the  coal-tar  preparations,  of 
which  antipyrine  is  the  best.  Massage  of  the  affected  muscles  may 
also  give  some  relief  if  the  spasm  occurs  at  night  and  disturbs  sleep. 


CHAPTER    XVII. 

LOCOMOTOR  ATAXIA.    TABES  DORSALIS.     P(.KSTERlOR 
SPINAL  SCLEROSIS, 

LucoMDTon  utaxiii  is  a  fhronic  disetusp  of  tlie  sensory  portion  of 
the  nervous  system. 

Patliolog'y.  The  ijriniMrv  lesinii  lies  iti  the  |)ost(Tii>r  sjiintii  ^nn- 
gliii  iintl  ill  the  gtiiigha  of  the  eraiiiiil  nerves.  The  gan^hii  ol  the 
sympathetic  nervous  system  miiy  also  be  involvdh  The  neurone 
bodies  lying  in  these  ganglia  are  affected  by  the  agent  prochieing 
the  disease^  and  conse<jyent!y  undergo  processes  of  degeneratinn, 
with  swelling,  chromatolysts,  vacuolization,  pigmentation,  and  albu- 
minoid and  fatty  degeneration  of  their  axones. 

It  will  be  remembered  that  the  structure  of  a  sensory  cell  differs 
wholly  from  that  of  a  motor  cell  (see  page  23).  It  h  a  Hask-shaped 
t)ody  with  Ivut  one  process.  This  divides  at  a  little  distance  from  the 
hotly  into  two  axones,  of  whicli  one  j>asses  inward  through  the  pos- 
terior nerve  root  into  the  spinal  cort]  or  into  the  brain  axis;  the 
other  passes  outward  in  t!ie  nerve  to  the  surface  of  the  body,  (See 
Plate  I.,  B, )  When  degenerative  processes  attack  this  neuroruMt 
is  possible  for  the  tlegeneration  to  ajjpear  in  the  peripheral  ter- 
mination of  the  nerve  at  the  surface  of  the  Ixnly  only.  This  tjceurs 
in  many  forms  of  multiple  neuritis.  Under  these  circumstances 
the  further  away  the  degeneration  is  frofn  the  body  of  the  cell 
the  slighter  the  change  in  the  cell  body,  and  this  in  many 
specimens  escajjes  notice.  In  some  ciises  of  locomotor  ataxia 
a  degeneration  of  the  peripheral  nerves  hiis  been  found.  In 
other  cases  it  is  the  central  axone  of  the  cell  body,  t!ie  one 
extending  inward  to  the  sjjinal  ci»rd,  which  appears  to  be  primarily 
affectetband  here  again  in  the  early  stage  few  changes  may  be  visi- 
ble in  the  cell  body,  thciugli  tlie  degeneration  of  tlu^  terminal  fila- 
ments of  the  central  axone  may  be  complete.  This  is  the  case  in 
locomotor  ataxia  in  the  early  stage  of  the  thsease,  and  hence  for 
many  years  the  disease  was  supposed  to  be  a  [>rimary  posterior 
sclerosis^  as  the  lesion  was  apparently  limitetl  to  the  jiosterior 
cohnims  of  the  spinal  cord. 

But  recent  investigations  have  (Unnoastrated  tliat  the  post€*rior 
columns  of  the  sj/inal  cord  are  made  up  of  a  number  of  cUstinet 
systems  of  tracts  which  have  been  <livided  into  two  calegories  and 
named ''exogenous"  and  *'erHlogenous/"  according  to  the  origin  of 
the  fibres  taking  part  in  tlieir  structure.  The  exogenous  fibres 
are  those  that  enter  the  posterior  columns  from  without,  that  is, 
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through  the  posterior  nerve  roots,  and  these  are  the  fibres  which 
are  primarily  involved  in  locomotor  ataxia.  Endogenous  fibres 
are  really  association  fibres  and  arise  within  the  cord  from  cells 
of  the  gray  matter  and  connect  the  various  segments  with  one  another. 
These  endogenous  fibres  develop  later  in  embryonal  life  than  the 
exogenous  fibres,  antl  hence  can  be  distinguished  from  them  by  the 
method  of  Flechsig.  Flechsig  showed  that  it  is  possible  to  separate 
various  systems  of  fibres  in  the  spinal  cord  from  one  another  by  a 
study  of  their  development  in  foetal  life.  The  axones  of  different 
S3rstems  are  covered  by  myelin  at  different  periods.    In  Fig.  89  the 

Fio.  89. 


The  development  of  the  posterior  columns  of  the  spinal  cord  in  the  embryo.  I.  Foetus,  24  cm. 
a.  Undeveloped  area.  c.  First  system  of  fibres.  II.  Fcetiis,  28  cm.  a.  Beginning  myelinization  in 
second  system,  c.  First  system  completely  developed.  HI.  Fcvtus,  85  cm.  a.  Partly  developed 
second  system,  b.  Partly  developed  Xhird  system,  c  Fully  developed  first  wytitem.  /.  Partly 
developed  fourth  system.    (Trepinski.) 

four  different  systems  of  fibres  are  shown  that  can  be  distinguished 
from  each  other  by  his  method  in  the  posterior  columns  of  the  lumbar 
region  of  the  cord.  If  three  specimens  from  tabetic  patients  who 
have  died  in  the  early,  middle,  and  last  stage  of  the  disease  respec- 
tively, Fig.  90,  be  compared  with  these  foetal  cords,  it  becomes  evi- 
dent that  the  different  systems  of  fibres  in  the  cord  are  involved  in 
tabes  at  different  stages  of  the  disease,  and  that  one  system  of 
fibres,  viz.,  the  endogenous  system,  always  escapes. 

The  study  of  degenerations  in  the  spinal  cord  occurring  subse- 
quently to  lesions  of  the  posterior  nerve  roots  at  different  levels  also 
affords  a  demonstration  of  the  existence  of  exogenoas  as  distin- 
guished from  endogenous  fibres,  the  latter  being  unaffected  in  lesions 
of  the  j)()st(Ti()r  nerve  roots.  Sclerosis  following  such  external 
lesions  is  identical  in  its  situation  with  that  occurring  in  the  early 
stage  of  tabes.     (See  Figs.  44  to  46,  page  189.) 
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For  these  reasons  we  nre  foroeil  to  eonclude  that  talies  is  not  pri- 
marily a  disease  erf  the  s|iiniil  cortl,  !:)ut  that  it  is  a  liiBease  of  the 
sensory  neuronesi,  rpi^uhing  in  a  degeneration  of  the  exogenous 
fibres  pa>'^sing  into  the  sfiinal  eorcl  from  those  neurones.  Such  de- 
generation, hke  tliat  in  otlier  portions  of  the  spinal  eord,  is  followed 
by  a  contUtif^n  of  sclerosis,  and  tliis  sclerosis  is  necessarily  limited  to 
the  situation  of  the  degenerated  filires. 


Fig.  ao. 


V 
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The  Ie»if»n9  of  (tibeii.  1.  The  ilrst  system,  c,  l»  firel  airecicd  by  acleroHla.  In  the  early  siagCt  a,  b, 
■.Dd  /  escape.  11.  The  see<>tidt^  ci,  &nd  third,  h,  systems  are  next  iuTolred  la  tlie  fcterogis,  which 
beoomes  complete  In  the  It  ml  syattitn,,  t,  Iti  the  medium  sto^.  III.  Last  stage  of  tabe«.  All  ByBtemi 
except  the  fourth./,  are  sclerotic.    (Trepinskij 


It  will  lie  reinenibered  that  the  posttTinr  imtvc  root  on  entering 
the  spinal  cord  consists  of  a  number  of  different  sets  of  fibres  of 
different  destination.  (See  Figs.  42  and  4.3,  pa^e  186.)  Many  of 
tliese  fibres  bifurcate  on  enteririjt!:  the  conL  1.  There  are  fibres  which 
enter  tlireetly  at  the  ajiex  of  the  posterior  horn  and  turn  upward  in 
the  snitill  bundle  of  Lissauer  and  enter  tlie  posterior  gray  matter  at 
a  level  a  little  higher  than  their  entrance.  lJv>ine  fibres  turn  down- 
ward as  well  as  upward  in  the  column  of  Lissauer.  2.  Other  fibres 
enter  the  spinal  cord  ojiposite  the  posterior  horn  and  penetrate 
directly  into  the  horn,  where  some  end  in  the  network  of  filires  about 
the  cells  of  the  gelatimms  sul>stance  or  deeper  witliin  the  horn,  and 
others  i»ass  ffjrward  and  cross  over  in  the  gray  commissure  to  the 
ojjposite  side,  where  they  turn  outward  into  tlie  antero-lateral  cohnnn 
or  Imckward  into  tlie  eolunvn  of  Goll.  3.  The  inajdrity  of  fibres 
from  the  posterior  nerve  roots  enter  the  spinal  cord  in  what  is 
kno\\m  as  the  median  bundle,  and  these  pass  directly  into  the  cokmin 
of  Burdach,  curve  arovmd  the  median  surface  of  the  posterior  horn, 
and  form  what  is  known  as  the  root  zorie  or  lateral  zone  of  the 
colunni  of  Borrlach.  If  we  follow  these  filires  after  tlieir  entrance 
into  tlie  root  zone  we  find  them  distributed  in  every  possible  way 
in  their  passage  tci  the  jJosteri<>r  horn  of  tht^  cord,  (a)  Some  fibres 
turn  downward,  forming  tlie  comma-shapeil  cokimn  of  Schultze,  anti 
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the.se  terminate  in  the  second,  third,  and  fourth  segments  below 
their  point  of  entrance,  (b)  Others  pass  ahni>st  directly  into  the 
gray  matter  at  the  level  of  their  entrance,  ic)  Others,  wliich  are 
short,  paKs  ui>wunl  through  two  or  tliree  segments,  {d)  Others 
stilh  of  medium  h^ngth,  pass  upward  through  four  or  six  segments, 
forming  the  middle  zone  of  the  eohunn  of  Burdach,  ie)  There- 
mainder  (long  fibres)  pass  all  the  way  up  to  the  medulla  oblongata, 
oeeu]iying  the  cohunn  of  Ooll  or  the  Tne<lian  portion  kA  \hv  column 
of  Burdach.  An  attempt  is  made  in  Figs.  42  and  43  (page  ISH) 
to  demonstrate  this  distribution  of  the  various  fibres  entering  at 
different  levels,     (Se<*  also  Plate  XL,  page*  165.) 


?\Q,  91. 


First  lumtmr  segmeot  or  the  cord  in  locomotor  ataxia  in  tbe  early  sta^  of  the  dfooMS.    ThA 
fiCleroaLi  Lb  more  erident  oa  the  right  tide  in  tbe  root  aone  of  tbe  column  of  Buidacti. 

All  these  fibres  are  degenerated  in  locomotor  ataxia.  The  extent 
of  the  depeneratioB  in  the  spinal  cord  will  depend  entirely  upon  the 
severity  of  the  disease  and  upon  the  number  of  posterior  nerve 
roots  which  tire  invoKa^il  in  the  affectifm. 

In  the  early  stage  of  locomotor  ataxia,  when  but  few  fibres  are 
degenerated,  the  region  of  sclerosis  is  extremely  Umited  in  extent. 
As  the  disease  begins  in  the  vast  majority  of  cases  in  the  neurones 
of  the  lumbar  nerves,  it  is  in  the  lumbar  segments  only  of  the  cord 
that  the  lesion  is  evident,  though,  inasmuch  as  these  hunbar  nerves 
send  some  fibres  all  the  way  up  \o  the  medulla,  an  examination 
will  show  some  affection  of  every  segment  of  the  spinal  cord  at  the 
area  through  which  they  pass.  Figs.  91  anti  92  demonstrate  the 
(tistrihutinn  of  the  lesion  in  early  cases  of  tab(»s  where  the  lesion 
was  thius  limited  to  the  lumbar  enlargement. 

As  the  ilisease  advances,  a  larger  number  of  gangUa  and  posterior 
nerve  roots  are  involved,  and  a   greater  extent  of  tissue  is  degen- 
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toTTis  were  as  niarkeii  in  llu:  ujiper  extremities  as  in  the  lower.  In 
all  these  cases  it  is  evident  that  the  chief  sclerosis  is  in  the  colunnis 
of  (Joll,  The  cohiiiirLs  nf  Cii>ll  are  niatle  n]»  ahnost  entirely  of  fibres 
whieh  liave  come  from  the  sacral  aiul  lumbar  retriims  of  the  spinal 


FtG,  94, 


LmIod  of  hx'omotor  Atajclu  10  cervl€«l  rejflon,  middle  siAge.  a.  AiUerior  horn,  b.  Pcwterior 
tlQini.  e  Posterior  iicn^e  rotiit,  d.  Posterior  fissure,  c.  Anterior  oommlEsure.  /.  Poeterior  com- 
mlHiiTV.  g.  Anterior  tiEsure.  h  Lttteml  pymmldal  tmct.  t.  Posterior  commlatoral  tmct  (noi 
ftflboted).  S,  Column  of  Ooll  (sclerotic).    L  Column  of  Burdach  (p&rtly  Rcleroilc).    <Blocq,) 

corii,  and  as  these  are  first  and  chiefly  affected,  the  lesion  is  most 
intense  in  them.  These  escape  in  any  case  of  tabes  limited  to  the 
cervical  reg:i()iL 

Pro.  a5. 


Lerion  of  locomoiur  at«xia  In  cervical  region,  early  etagt^.  a.  Anterior  horn,  b.  Posterior  bom. 
c,  Pofterlor  nerve  root.  d.  Posterior  septum,  t.  Anterior  commiuare.  /.  Posterior  commlasurev 
ff.  Anterior  fiastire.  h.  Laierat  tr&ct.  i.  poaierlor  commissural  tract  (normal).  /.  Foaterior  part 
of  ootumn  of  Burdacb  (oormalK  ^  Root  zone  of  column  of  Burtlaoti  (sclerotic).  L  Column  of 
Ck>ll  (sclerotic).    TO,  Column  of  Burdseli,  median  part  (wlertrtlo).    iBlocq.) 


In  a  ease  of  medium  intensity,  when  the  spinal  cord  is  removed, 
a  thinning  of  the  posterior  nerve  roots  is  very  often  aj (parent.  They 
are  smaller  in  calibre  than  the  anterior  nerve  roots.  The  posterior 
surface  of  the  spinal  cord  is  evidently  somewhat  flattened  in  the 
sacral  and  lumbar  regions,  and  tliis  can  be  seen   in  the  sections. 
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Fig.  9fi. 


The  transverse  seetioits  of  the  cord  at  ihfferent  levels  demonstrate 
the  existence  of  sclerosis  limited  to  the  ])osterior  eohiinns  of  the 

cord.  This  .scU^riKsis  may  be  in 
early  ea.ses  entirely  limited  to  a 
small  rep;ion  adjacent  to  the  pos- 
terior hnrn  (Fig.  91).  In  other 
cases  the  sclerosis  is  more  ex- 
tensive (Fi^.  96),  hut  in  all  eases 
a  region  adjacent  to  the  posterior 
commis,^ure  will  lie  found  to  eon- 
tain  norma!  filires,  and  anttther 
region  adjacent  to  the  posterior 
fissure  and  along  the  peri])hery 
of  the  cord  may  f^seafje  (Fig.  95). 
These  are  the  posterior  eurnu- 
eonnnissunil  tract  and  the  sulco- 
marginal tract,  which  consist  of 
endogenous  fibres.  A  careful 
examination  of  the  sclerotic  re- 
gion will  also  deiiionstnite  the 
pxistetiee  within  it  of  numerous 
normal  fibres  which  are  also  un- 
rldubtedly  <>f  endogenous  origin, 
bel(»!igiiig  to  the  third  set  of 
filires  develuiJCil  in  embrvonal 
life.     (See  Plate  XIA\) 

In  very  advanced  ciises  of 
tabes  the  lesion  through  tlir  enrd 
is  extensive,  involving  lioth  the 
columns  of  Burdaeh  and  of  (ioll, 
but  even  here  tla^  escajie  of  the 
cornu-conunissural  and  sulco- 
marginal tracts  is  manifest. 

Degeneration  is  found  not  only 
in  the  eolunms  of  the  cord  but 
alsd  in  the  posterior  horns  of  the 
cord,  into  which  many  fibres,  as 
already  stated,  pass  from  the 
{losterior  columns.  It  will  be  re- 
meinl>ered  that  the  posterior 
horn  of  the  cord  is  made  up  of  a 
gelatiiuais  and  spongy  sul>stance, 
the  substantia  spongiosa,  lying 
nearer  to  the  periphery  than  the 
substantia  gelatiTtosa.  These 
two   sulistances    are    permeated 

vtritt  lu  decree  at  dlflereut  le?ela»  being  more       "    ,     ,  r,,  i  .1 

Intense lo  tiiecervicai  region.  and  these  fibres  are  degenerateil 


■f?^i 


PATHOLOGY  OF  LOCOMOTOR  ATAXIA. 


289 


wnthin  the  gray  matter,  but  no  special  lesion  can  be  demonstrated 
nther  than  an  increased  pallor  of  these  substances  when  methods  of 
staining  sudi  as  that  of  Weigort  are  employed, 

A  large  number  of  the  fibres  of  the  posterior  nerve  roots  pass  into 
the  column  of  Clarke  (a  column  of  large,  round  cells  l\ing  at  the 
btise  of  the  posterior  horn).  These  fibres  are  also  degenerated  in 
locomotor  ataxia,  an*]  the  fine  plexus  of  terminal  filaments  about  the 
cells  of  the  column  of  Clarke  gradually  disapi>ear.  The  cells  of  the 
column  of  Clarke  themselves  are  not  in  any  way  altered  in  the 
disease. 

Many  fibres  that  enter  the  posterior  gray  liorn  can  be  traced  in 
normal  cords  inward  through  the  central  gray  iniitter  into  the  ante- 
rior horns  of  the  cord,  where  they  terminate  about  the  cells  of  the 
anterior  horn.  These  are  i^upposed  to  convey  impulses  leading  to 
reflex  action.  These  fibres  also  degenerate  in  cases  of  locomotor 
ataxia;  hence  in  advaneeti  causes,  if  methods  of  staining  are  employed 
tti  ilemonstrate  the  fine  network  of  filires  within  the  gray  matter, 
this  network  will  be  seen  to  be  thin. 

The  process  of  sclerosis  present  in  tabes  resembles  that  in  other 
fonns  of  sclerosis  of  the  spinal  cord.  There  is  a  thickening  of  the 
neuroglia  tiasue  (Plate  XIV.)  and  a  gradual  disappearance  of  the 
nerve  fibres.  Here  and  there  thrf>ugh  the  glia  are  found  spider  cells 
and  a  \Try  mtirked  increase  of  glia  fibres  is  present  everywhere,  as 
shown  by  the  Weigert  stain.  Nuclear  cells  are  liistributed  through- 
out the  sclerotic  patchy  hut  this  sclerosis  is  a  process  distinctly  sec- 
ondary to  the  degeneration  of  the  nerve  fibres,  and  may  be  termed 
a  substitution  h}^>erplasia  rather  than  a  primary  formation  of  neu- 
roglia. 

A  thickening  of  the  meninges  of  the  cord  is  commonly  present  in 
tabes,  though  slight  in  degree^  and  there  is  a  closer  adhesion  of  the 
meninges  to  the  cord  than  in  normal  cords.  This  fact  has  given 
rise  to  the  so-called  meningeal  theory  of  the  origin  of  tabes,  which  is 
I^robably  true  for  a  certain  proportion  of  the  cases.  It  is  supposed 
that  a  i>rimary  thickening  of  the  meninges,  either  by  syphilitic  de- 
I>osits  or  by  a  primary  connective-tissue  irtflamination,  [produces  a 
compression  of  tlie  jjosterior  roots  in  their  passage  through  the 
meninges  into  the  spinal  cord;  and  hence  a  secondary  degeneration 
and  sclerosis  occur  whose  distribution  would  naturally  under  the-se 
circumstances  be  identical  with  that  a Ireaily  described.  In  cases 
where  syphilis  is  the  primary  cause  of  a  meningeal  tliickening  a  syph- 
ilitic exudation  is  usually  present  in  the  bloodvessels,  with  thickening 
of  the  intima,  causing  a  reduction  of  the  calibre  of  the  vessels,  and 
occasionally  an  obUteration  of  the  lumeti.  This  hits  been  found  in 
some  causes  of  tabes.  Such  meningeal  thickening  or  connective-tissue 
gro\vth  in  the  pia  mater  at  the  point  of  entrnner'  of  the  posterior 
nerve  roots  may  cause  constriction  at  the  entrance  of  these  nerve 
roots  anrl  be  sufficient  to  produce  a  degeneration  in  the  nerve 
fibres. 
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Retliic'h^  fiiul  Na^(M)tte^  have  laid  a  great  doa!  of  strpss  upon  this 
coastrietion  n^  the  active  cause  of  degeneration  in  taljes;  but  it 
must  l)e  achnitted  thiit  this  is  not  a  constant  faetor  and  that  it  is 
not  ])resent  in  the  vast  majority  of  the  cases  of  talies.  Amdher  fact 
whieh  bears  ag^ainst  this  meningeal  hyj)othesis  of  the  origin  of  taljes 
is  that  in  very  many  cases  of  meningitis,  and  even  in  cases  of  syph- 
ihtic  meningitis,  no  such  ascending  degeneration  as  is  found  in  tabes 

in  the  posterior  root  fibres  can 
be  demo nst rated.  Schmaus  hits 
called  attention  also  to  the  fact 
that  the  absolutely  synunetrieal 
character  of  the  degeneration  in 
talK's  would  Ix'  extremely  un- 
likely in  case  the  origin  were  a 
diffuse  meningeal  process. 

Finally  it  is  necessary  to  men* 
tion  certain  chang<»s  in  the  poste- 
rior spinal  ganglia  vvhi<*li  have 
\jvvn  found  in  talies.  An  exam- 
ination of  the  nen^e  root.s  on  the 
pt*ri|theral  aiul  central  sides  of 
thesf  ganglia  lias  tlcrrnmstrateil 
that  the  degeneratioii  and  atro- 
[»hy  of  the  nerve  tiljres  is  found 
on  the  central  side  only.  (St^e 
Hgs.  97  to  99.)  And  a  marked 
thickening  of  the  connective 
tissue  forming  the  epineurium 
and  perineurium  of  these  Inindles 
of  degenerates!  ui^rve  fibres  has 
\y(Hm  (jl)served.  This  etmnective- 
tissue  growth  has  been  followed 
into  the  ganglion,  and  evidence 
of  an  extreme  degree  of  intersti- 
tial inf5ammati<*n  has  beeji  f<mnd 
there.  (See  Mg.  KM).)  Whether 
_        _       this  inflanunatiun  is  tiie  primary 

Willi  the  nornrni  npjieara net?  of  tho  sn rue  fibre*     CaUSC  of  the   degeneration  of   the 

{p\  on  the  peripben.1  Hide  of  ti.e  gimgUon.    seusorv  neuroues  wliicli  He  in  ilu- 

gangha  is  nni  yi^t  deterimned. 
While  the  lesion  in  talies  is  limited  to  the  sensory  neurones  of  the 
nerv<Kis  system,  it  nmst  hi*  admitted  that  no  satisfactory  theory' 
of  its  |>athogenesis  exists.  It  is  not  yet  known  why  the  lesion  is 
manifest  in  tlie  central  axone  of  the  sensory  neurone,  aiii!  yet  is  in 
some  casCvS  wanting  in  tht'  neurone  botly  and  in  tlie  periplieral  axone. 

1  Pathol   dv^  '\h{h:m,  Jeiin.  18«7- 

*  Hul.  ill*  In  Sor.  Aiiatt  November  itiuJ  rH'cember,  1894 


^■i'l')'!', 


Bpinitl  ifnngHon  In  locomoUir  utaxla,  showing 
lh«  degeaifnitton  In  Ihe  fweierior  nerve  root  [hw} 
OD  tbesplniil  <tlde  r>f  the  gangU^iti  bs  (xintrasted 
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Various  observers  have  published  statistics  whieli  liear  upon  the 
question  of  the  rehition  of  syphilis  to  tabes,  Mobius  and  Drummond 
beheve  that  all  eases  are  syphilitie.  Erb,  Fournier,  Hirt,  Aiiiimow, 
and  Saclis  found  90  per  cent.;  Gowers,  Mendel,  Senator,  and  Eisen- 
lohr,  75  per  cent, ;  Braimvell,  65  per  cent. ;  Dana,  50  per  cent. ;  Eulen- 
berg  and  Motsehntkowski,  86  per  cent,,  syphilitic.  In  127  cases  in 
my  private  practice  90  were  certainly  syphilitic,  13  probably  syph- 
ilitic, and  25  were  not  8y|>lulitic;  that  is  86  per  cent.  In  332  cases 
in  my  clinic  195  were  syphilitic,  39  were  probably  so,  and  98  were 
not;  that  is  70  per  cent. 


FlQ.  100, 
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LedODii  of  the  ponterior  flpfiial  ^anglkjn  In  tocomoti>r  ataxia.  Section  through  the  hah  liimtiAT 
g&DK^Ion.  Dlmlouiioo  of  the  fibres  in  the  nerve  roots,  many  of  which  show  no  myelin  abeath 
Great  IncreaiM;  of  connective  Ussue  throughout  the  gaDglion,  many  c^ntiectlve-rtssue  nuclei,  and 
thickening  of  e|4neurliim.    (Thoroae  and  ttauier,  Inc.  clto 

The  influence  of  syphiMs  in  the  production  of  tabes  becomes  more 
apparent  when  attention  is  called  to  the  fact  that  it  is  present  in 
only  about  20  per  cent,  of  ca8ej>  of  other  forms  of  spinal-cord  or 
nerv<>us  affections.  Thus  Erb  found  in  tHIOO  cases  of  nervous  disea^^e, 
exchuling  tabes,  that  20  per  cent,  were  syphilitic,  and  Eisenkolb  in 
20<W  cases  of  nen^ous  disease  that  only  16  per  cent,  weresyiihilitic. 
We  must  arlmit,  therefore,  that  s>"}]»hilis  is  a  very  marked  })redis- 
posing  cause  of  tal les.  But  we  cannot  admit  that  tal>es  is  a  syphilitic 
disea,se.  There  are  many  nations  and  there  is  a  class  in  the  com- 
munity (prnstitutesj  particularly  subject  to  syphilis,  but  rather 
unusually  exempt  from  tabes.  Thus  it  is  rare  to  lind  tabes  in  Japan, 
{»r  in  China,  or  arnonp:  the  negro  race,  though  syphilis  is  very  common 
in  all  these  peoples.     Aral  almost  all  authorities  agree  that  treatment 
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by  mereury  and  iodide  of  pota^sli,  while  efficacious  in  all  forms  of 
syphilitic  disciise,  is  of  little  benefit  in  cases  of  tabes.  Hence,  while 
we  admit  that  syphilis  is  a  predisjKKsing  cause*  of  the  disease,  we 
cannot  consider  tabes  a  syphilitic  afreetioiK  The  most  reasonable 
hypothesis  is  that  syphilis,  hke  diphtheria,  leaves  in  the  system  a 
toxin  which  has  a  specilic  action  on  the  neurones.  It  may  also  be 
suj>posed  that  syi>hilis  produces  a  weakened  nutrition  in  the  sensory 
elements  of  the  nervous  system,  thus  predisposing:  them  to  the  dele- 
terious action  of  other  infections  or  of  any  agent  tending  to  proiiuee 
a  malnutrition  or  tending  in  any  way  to  exhaust  the  sensory  elements. 

There  appears  to  be  no  fixed  period  after  tlie  syphilitic  infection 
within  which  tabes  develops.  If  a  large  nund)er  of  cases  (1000)  be 
collected  it  will  Ix*  found  that  the  disease  develops  within  five  years 
of  the  infection  in  less  thati  20  per  cent,;  that  it  develops  lietw^een 
five  and  ten  years  after  the  infection  in  25  per  cent.;  between  ten  and 
fifteen  years  in  22  per  cent. ;  between  fifteen  and  twenty  years  in  20 
per  cent,,  and  that  it  may  develoi>  as  late  i\s  thirty  or  even  thirty-five 
j^ears  after  the  original  tlisease. 

Exposui'C  to  cold,  overexertion,  especially  by  long-contirmed 
standing,  or  long  marches,  or  a  combination  of  these  causes,  such  as 
occur  in  workmen  wh<»  stand  and  labor  in  daii»p  places:  traiuiiatism^ 
such  us  falls  or  blows  upon  the  back  or  \i\mn  the  buttocks  or  upon 
the  f<'et»  and  sexual  excess  are  all  causes  of  Uicomotor  ataxia.  It  is 
to  be  remembered  that  indi\'iiliials  whose  nutrition  is  poor  or  those 
who  have  indulged  in  alcoholic  excesses  are  nmch  more  liable  to 
develop  tabes  than  otherwise  healthy  intlividuals.  lo  one  of  my 
cases  the  symptoms  ftillowed  siiou  after  a  severe  blow  in  the  dorsal 
regifm,  and  in  a  number  of  my  cases  a  history  of  excessive  standing 
or  walking  was  obtained. 

Locomotor  ataxia  is  a  disease  of  adult  fife.  It  is  true  that  a  few 
cases  of  juvenile  tabes  have  been  recorded.  These  are  very  excep- 
tional, and  have  been  traced  in  all  cases  to  hereditary  s^^^hilis. 
The  following  table  shows  the  age  of  patient.*^  affected  in  1000  cases: 


Table  VIL 

— Age  at  Oa*rt, 

vccn  IfJand  20  years 

of  age 

2 

**       30  "     30      " 

(J6 

"       30  "     40      '• 

.     460 

40  **    m     ** 

. 

.     348 

*'       m  "     60      " 

m 

•'       60  **     70      *' 

t 

4 

The  disease  is  more  common  among  men  than  among  women.  Of 
457  cases  of  which  I  ha\'e  records,  405  \\  ere  malt*s  and  52  ^\  ere  females. 
Symptoms.  The  symptoms  f>f  locomotor  ataxia  are  very  numer- 
ous and  may  be  classified  according  to  the  time  of  theij'  appearance. 
Though  it  must  be  admitted  that  while  ordinarily  there  is  a  definite 
succession  in  the  appearance  of  these  symptoms,  all  cases  do  not 
conform  to  the  nile.  We  distinguish  between  a  stage  of  pain,  a 
stage  of  ataxia,  and  a  stage  of  [paralysis. 
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The  First  Stage  or  Stage  of  Fain.  ParaBsthesia  are  the  ninst  conoiRin 
of  the  early  Hynijitoins  of  loeornotor  ataxia.  These  were  complained 
of  in  all  i»ut  five  cases  tnit  nf  four  hiinilred  and  fifty-two.  Tlic  jiatient 
coniphiins  of  tinghng  and  numbness  in  the  legs^  of  a  feehng  as  if  ant.s 
were  crawling  over  the  surface  (formicatioti),  of  a  sensation  a*s  if  the 
Hmbs  were  asleep,  or  as  if  he  were  walking  upon  cotton  or  upon  pins; 
of  unusual  sensations  of  heat  or  of  cold  in  various  regions  of  the 
skin,  of  sensations  of  iiehing  or  nf  shar])  burning,  and  of  sensatirms 
of  undue  fatigue  on  slight  extTtion.  These  may  remain  during  the 
entire  course  of  the  case  anil  give  rise  to  great  diseomfort,  or  as  the 
case  goes  on  they  may  subshle,  and  in  the  later  stages  no  longer  be 
felt.  They  are  evidence  of  irritatinn  in  the  sensory  nerve  hbres^  and 
are  really  illusional  sensations  tait  due  to  any  actual  disturbance  in 
the  parts  in  which  the  sensati^jns  are  felt,  but  having  their  origin  in 
the  nerv'e  roots  at  their  entrance  to  the  spinal  cord,  and  being  referred 
by  consciousness  not  to  their  actual  site  of  origin  but  to  the  periphery 
from  which  the  irritated  fibres  arise.  Tliese  abnormal  sensations  are 
usually  felt  first  in  the  anterior  and  inntT  surface  of  the  thighs  or  in 
the  outer  side  of  the  legs  below  the  knet%  and  gradually  increase^  in 
extent  until  the  entij^e  lower  extremities  are  affected  They  may  then 
be  felt  in  the  Ijody  and  trunk  ainl  tlmrax.  They  finally  reach  the 
upper  extremities,  being  felt  first  in  the  little  fingers  and  inner  half 
of  the  hand,  and  then  in  the  arms  or  even  m  the  neck  to  tin*  heail 
The  so-called  girdle  sensation  is  a  hypersensitive  c<mdition  of  the  skin 
with  the  production  of  jjara'sthesia  on  pressure.  It  is  felt  about  the 
waist,  but  as  the  diseiise  advances  may  ascend  httle  by  little  until  it 
is  felt  like  a  collar  around  the  neek.  This  feeling  of  pressure  is  at 
times  very  intense  and  extremely  disagreeable.  Patients  describe 
it  as  a  cord  or  band  tie*]  tightly  aliout  the  iKjdy. 

Pain  is  the  most  serious  and  distressing  of  all  tlie  symptoms  in 
locomotor  ataxia.  It  maybe  the  first  sym|itom  perceived;  in  fact, 
it  is  very  often  the  only  symptom  present  for  many  nionths  before 
the  physical  signs  of  the  disease  apfiear.  It  was  com|)Iainetl  of  in 
all  Init  nine  out  of  four  hundred  and  fifty4wo  cases.  This  ^lain  is 
of  the  sharp,  shooting  characttn",  tienee  oft^*n  termed  'Mightinng 
pain/'  It  is  iKniralgie  in  cliaracter,  is  not  continuous  for  any  length 
of  time,  but  the  attacks  may  occur  with  such  frequency  as  to  lead 
ttj  perit>ds  of  pain  lasting  for  hours  or  even  for  days.  Pain  may  be 
deej>  in  the  limbs  or  may  be  distinctly  localized  ui>on  the  surface  of 
the  body  at  siime  small  area.  It  usually  begins  in  the  inner  surface 
of  the  thigh,  or  on  the  anterior  surface  of  the  thigh,  or  about  the 
knee,  or  down  the  outer  side  of  the  leg.  As  the  ilisease  advances  it 
becomes  more  extensive  in  its  distribution  and  advances  gradually 
upward,  being  felt  al)out  the  body  and  finally  in  the  hands  arul  arms. 
It  continues  as  a  [irominent  symtitom  throughout  the  first  stage 
of  the  disease,  but  does  not  by  any  means  disappear  in  the  second 
stage,  and  though  very  <)ften  nmch  less  intense^  it  may  continue  into 
the  stage  of  paralysis.     Thus  in  one  case  at  present  under  my  care 
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where  the  liiseast^  Iuls  \k'vu  |>reseiit  for  twenty  year^  mid  where  the 
patient  is  c<>tn[Kletely  unal>le  to  walk  or  to  stand,  attacks  of  pain 
come  on  about  twice  a  year,  hi.^^ting  for  a  week  or  ten  days  with  as 
great  int*Misity  antl  severity  as  at  the  outset.  In  this  patient  these 
attacks  are  continuous,  the  sharp  pain  interniittini*;  for  a  few  minutes 
only  anil  persisting  night  and  day,  preventing  all  rest  and  inter- 
fering niarkedly  with  nutrition  and  t*eing  attendeil  liy  rapid  eniacia- 
tiun.  No  special  cause  can  l^e  ascertained  for  these  attacks  of  jiain, 
and  nothing  influences  them  excepting  enormous  doses  of  morphine, 
and  even  ten  or  twelve  grains  a  day  at  times  fail  to  hold  the  pain 
in  cheek.  In  this  ease  the  |>ains  are  entirely  liniited,  as  are  all  the 
sym])ti»ms,  to  the  tegs,  tla^  flisease  never  having  advanced  above  the 
level  of  the  first  lumbar  st^gment  of  the  cord.  Sudden  attacks  of 
pain  may  l)e  located  aljout  the  body  and  in  the  e|)igastrium,  atten<led 
by  vomit  i  Tig,  a  at  I  may  be  the  first  sign  of  the  disease  in  certain  cases. 
Neuralgia  t)f  the  trigeminal  nerve  is  extremely  rare  in  tabes.  Pain 
may  be  mistaken  in  the  early  stages  for  rheumatism  or  sciatica,  but, 
as  a  rule,  is  much  niore  limited  in  extent  ami  shaqter  in  character 
than  rheumatic  pain,  and  is  in  the  early  stage  of  the  disease  usually 
difTerent  in  its  distribution  from  the  pain  of  sciatica.  It  is  not  to 
be  forgotten,  however,  that  sciatic  pain  may  be  the  first  sign  of 
locomotor  ataxia.  The  pain  is  difTerent  frtjiii  that  in  multij>le  neu- 
ritis, inasmuch  as  it  is  not  sjinmetrical  on  the  two  sitles;  it  rarely 
affects  the  distal  parts  of  the  extremities  first,  and  it  is  not  attended 
by  any  tenderness  along  the  nerves.  Pains  in  the  little  fingers  auil 
inner  side  of  tlie  haiul  may  l*e  the*  first  evidence  that  the  distrase  has 
extended  from  the  dorsal  to  the  cervical  region  of  the  sj>inal  cord. 
Pain  in  the  liack  and  loins  of  an  aching  character  is  occasionally  felt, 
but  sharp,  shooting  pains  are  not  common  in  this  locality. 

Fain  is  {-ommonly  att(*nded  or  followed  by  a  very  hypersensitive 
state  of  the  region  in  which  it  appears.  This  hy|)ersensitiveness 
may  he  so  great  as  to  [)revent  the  jiatient  enduring  the  contact  of 
clothing, or  it  may  be  more  intense  for  temperature  changes,  and  has 
be<m  called  thermal  h y perse nsi five ness  or  "  hypercryalgesia,"  It  is 
cormmuily  a  symptom  of  the  early  stage  of  the  disease ;  hence  these 
patients  are  unable  to  endure  ap]iIications  of  heat  or  cold,  especially 
of  cold,  as  the  sensitiveness  of  the  body  to  cold  is  markedly  increased 
even  when  the  sensation  of  lu^at  is  not  affected. 

Patients  with  locomotor  ataxia  are  very  much  influenced  by 
atmtis|>heric  eondilions.  This  fact  is  to  be  thought  of  in  recommend- 
ing a  climate  in  which  these  patients  can  dwell  with  most  comfort. 
It  is  ftruntl  ttiat  a  low  state  of  the  barometer  coml>ined  with  a  high 
percentage  of  humidity,  either  in  summer  or  winter,  is  freijuently 
f(Jtt(wed  by  an  attack  of  severe  fmin.  It  is  true  that  the  patients 
suffer  more  in  cold  weather  tiian  in  warm,  antl  in  a  colli  climate  more 
than  in  a  w^arm  climate;  but  it  is  the  high  percentage  of  humitUty 
in  the  atmosphere,  together,  jmssibly,  with  certain  electrical  condi- 
tioiLs  not  yet  fully  understooil,  wliich  give  rise  to  the  gi'eatest  amount 
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of  pain.  Thus  when  the  humidity  is  ovf^r  70  per  cent,  and  the 
barometer  is  between  29.65  and  29.90  iKitients  are  almost  sure  to 
have  an  attack  of  pain.  It  i;>  al^o  found  ttiat  niany  patients  siitTer 
more  just  before  a  thunderstorm,  just  as  n)any  neurotic  patieiits 
are  found  to  have  great  discnnifnrt  in  the  form  of  motor  restlessness 
and  headache  or  disagreeable  visceral  and  cardiac  sensations  prior 
to  or  during  a  thuinler.storm.  It  is,  tlierefore,  to  atnuisjiheric  con- 
ditions lit  it  fully  underst(M)d  that  the  sudden  unexphiined  attacks  of 
pain,  both  in  tal>es  and  in  neiu"algia  are  to  be  ascribed. 

Pains  of  tabes  differ  from  neuralgie  pains  rather  in  their  distribu- 
tion thtm  in  their  character.  The  distribution  of  the  jmin  in  loco- 
motor ataxia  is  in  the  region  of  the  skin  supjilied  by  a  segment  of 
the  cord.  Pain  in  neuralgia  is  in  the  distrilaitioji  of  the  skin  sup- 
plied by  definite  perii>herai  nerves.     (Compare  Plates  V.  and  XIIL) 

In  the  stage  of  pain,  even  when  panesthesia^,  and  hypersensitive- 
ness  to  cold  and  heat  are  present,  it  is  not  common  to  discover  any 
objective  disturbance  of  sensation.     Sometimes,  however,  a  slight 


Are«i  of  cmBsUieilA  on  tbe  body  and  legs  Id  ciues  of  Icicommor  aiaxla.  (Bonar.) 

difficulty  in  perception  of  sensations  of  cotton-wool  is  admitted  when 
the  legs  are  compared  with  the  hands^  but  it  is  not  to  l>e  forgotten 
that  differences  of  slight  sensation  are  perceived  nt>rmally  in  the 
body  when  the  insensitive  legs  are  compared  with  the  more  dehcate 
hands.  Lai*hr  and  Patrick  have  called  attention  to  the  existence  of 
small  bands  of  anaesthesia  ai)pearing  U[jon  tlie  trunk,  even  when  the 
tegs  are  not  amesthetic,  antl  Russell  has  demonstrated  their  existence 
on  the  inner  surface  of  the  arm  froin  the  axilla  downward,  even  in 
the  early  stage  of  pain.  Figs,  101  and  102  illustrate  this  condition 
in  cases  observed  in  my  own  clinic  by  Bonar  and  published  by  him.' 


Semaory  Diaturbimces  in  Locomotor  Ataxia.  New  York  Medical  Record,  18t>7,  p,  721. 
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Fio.  102. 


.^^ 


AnflHtbetic  Areas  in  n  eftte 
of  tabei.    (Booar.) 


His  examination  of  the  clinic  C3i.s<>s  donionstrat^d  the  pre^ience  of 
such  bamb  of  anit^stliasia  in  more  than  90  iK»r  cent. 

Disturbance  in  the  action  of  the  bladder  and  rectum  Ls  a  very 
common  .symptom  in  tht^  t^arly  f^tag(*  of  the  diseai^e.  In  fact,  it  may 
be  the  first  symptom  to  call  att^ntiou  to  a 
spinal  affection.  It  wa,s  present  in  SO  per  cent, 
of  my  patients.  The  mechanism  ctuitrolling 
these  organs  lies  in  the  sacral  rejsijion  of  the 
spiiial  eon  I,  hut  in  order  that  this  mechanism 
should  act  perfectly  sensory  impulses  miLst 
reacli  the  organs.  Any  distiirhaiiee,  therefore, 
in  the  nH'cption  of  sensations  from  the  mucous 
membrane  or  muscle  fibres  of  the  bladder  will 
protluce  defective  action.  This  may  l>e  shown 
by  an  insensitiveness,  so  that  the  patient  is 
not  aware  when  the  organ  is  overdistended, 
or  it  may  hv  of  the  nature  of  abnormal  sensa- 
tions, causing  an  attempt  at  the  emptying  of 
the  bladder  when  it  is  not  at  alt  full.  A  com- 
mon comjilaint  of  the  |>atients  is  that  they  can- 
not vf/luotarily  empty  the  bladder  and  have  to 
strain  anil  press  for  some  time  before  the  effort 
is  success fuL  Retention  of  urine  is  not  uncom- 
mon in  the  disease,  and  not  infrequently  the 
bladder  is  never  fully  emptied,  and  hence  residual  urine  decomposing 
causes  cystitis.  It  is  rare,  however,  for  a  patient  with  locomotor 
ataxia  to  ret  pure  catheterization,  and  many  patients  find  some  arti- 
ficial methorl  tjy  which  they  can  start  the  act  of  urination.  This 
may  be  by  assuming  an  unusual  ptisition  or  by  resorting  to  some 
unusual  met  hod.  The  action  of  the  rectum  is  different  from  that 
of  the  Ijladder.  There  seems  to  be  a  loss  of  muscular  contractile 
power  in  the  involuntary  muscles  of  the  intestine,  and  chronic  con- 
stipation is  the  rule  in  locomotor  ataxia.  There  is  a  loss  of  expul- 
sive jiower  in  the  rectum  i^^ithout  any  relaxation  of  the  levator  or 
sphincter  ani,  hence  it  is  usually  necessary  to  evacuate  the  rectum 
by  means  of  enemata. 

Impotence.  An  undue  degree  of  sexual  desire  has  been  observed  in 
the  early  stzige  of  locomottir  ataxia  in  some  cases.  In  the  majority 
however,  there  is  a  gradual  loss  of  sexual  power,  and  in  the  stage  of 
ataxia  the  jjatient.s  are  usually  impotent.  This  symptom  appears 
about  the  time  disturbance  in  the  control  of  the  bladder  develops, 
and  rarely  imjjroves  under  treatment.  Undue  attempts  at  coitus 
are  often  followed  by  an  increase  of  the  symptoms  of  pain  and  ataxia. 

The  pbysica!  aigna  of  the  rlisea-se  in  the  early  stage  are  the  loss  of 
patellar  tendon  refiex,  the  loss  of  the  pupil  reflex  to  light,  and  a 
contraction  of  the  pupil. 

The  loss  of  knee-jerk  is  the  earliest  s\Tnptom  of  locomotor  ataxia, 
and  may  give  rise  to  a  fear  of  the  onset  of  this  disease,  even  when 
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no  symptoms  are  jirosent.  Tliis  is  (mrticularly  true  of  physicians. 
It  is  to  be  rememheioil  that  in  a  few  normal  indivdrkuils  the  knef?- 
jerk  cannot  l>e  ehritetl  (2  por  {'(Mit?).  It  is  to  l)e  rememlxTeil  also 
that  in  certain  post-febrile  conditions,  noticeably  after  (li|ilit]ieria, 
the  knee-jerk  tlisapjjears  for  several  months.  It  is  also  to  be  remem- 
bererl  that  any  act  of  the  attention  directed  to  a  spinal  reflex  inhibits 
it;  hence  in  many  individnals  it  is  only  by  a  diversion  of  the  atten- 
tion/by  testhig  the  knee-jerk  when  unexpected,  or  by  tlefieetinn  of 
the  inhibitory  impulses  into  other  channels  by  m(*ans  of  active  volun- 
tary effort,  such  as  clasping  the  hands  tightly  or  i>ulling  or  lifting 
objects  while  the  test  is  made,  that  the  knee-jerk  can  be  elicited 
These  niethuds  of  reinforcement  of  Jendrassik,  as  Ihey  are  calletl,  are 
not  to  be  neglectcHl  in  applying  tests. 

The  knee-jerk  is  elicited  by  tappiiig  the  pateUar  tendon  either  upon 
its  front  or  upon  one  side,  when  a  ciuick  contraction  of  the  tiuadriceps 
femoris  occurs,  causing  a  slight  kick.  \(p  need  not  enter  into  any 
discussion  of  the  exact  nature  of  this  reflex  act,  as  to  whether  it 
depen<ls  upon  a  transmission  of  impulses  from  tlie  point  irritated 
through  the  cord  and  outward  to  the  nniscle,  or  wlielher  it  is  depen- 
dent upon  a  certain  nniscular  tonus  for  whose  existence  sensory 
inijiressions  must  l)e  acting  on  tlie  centres  of  tlie  s|unal  cord.^  ^Miat- 
ever  theory  rnay  l>e  acc**i>ted,  it  must  be  admitted  that  a  loss  of 
tendon  reflex  of  the  knee  is  one  of  the  very  earliest  signs  of  locomotor 
ataxia.  This  sign  is  f*>und  in  98  per  cent*  of  tlie  cases.  It  is  cafled 
Westphals  sign  or  symjitom,  as  it  was  first  notices!  by  him.  The 
location  of  the  mechanism  jtresiding  over  tliis  reflex  act  is  in  the 
second  and  third  lumbar  segments  of  the  coril,  and  these  are  the 
segments  first  affecteil  by  the  disea.se;  hence  its  value  as  an  early 
sign  of  talx's. 

The  losa  of  the  reflex  wc^qh  of  the  pupil  to  light,  its  contraction 
in  the  act  of  acconnnothition  l>eing  [ireserved,  w'as  a  syniiitom  of 
tabes  first  |>ointed  out  by  Argyll-Robertson,  of  Edinburgh,  It  is 
present  in  (K)  per  cent,  of  the  cases.  The  mechanism  of  this  reflex 
is  still  a  matter  of  dispule,  and  it  is  not  definitely  ascertained  whether 
the  break  in  the  r(4!ex  arc  lies  in  the  segna^nt  between  the  second  and 
third  nerves  near  th<*  corjjora  LjuailrigemiTia  or  is  thrtiugli  the  sympa- 
thetic nerve, which  has  its  origin  at  the  first  <!orsal  segment  of  the  cord. 
It  is  a  valuable  and  early  sign  of  tal)es.  It  njay  be  easily  elicited 
by  coveritig  the  eyes  of  the  patiiMit  an<!  then  suddenly  exposing  them 
t-o  light,  or  by  putting  the  patient  in  a  dark  room  and  with  an  oph- 
thalmoscopic mirror  throwing  a  ray  of  light  into  the  eye.  Not 
unconnnonly  it  appears  in  one  eye  some  time  before  it  appears  in 
the  other,  A  continual  contraction  of  tlu^  pujnl  (myosis  s|iinalis) 
in  which  the  pujiil  is  re<iuced  to  a  pin-point,  does  not  react  to  lights 
but  still  reacts  slightly  in  accommodation,  is  ol^served  occasionally  in 
tlie  early  stage  of  locomotor  ataxia,  but  in  the  majority  of  cases  does 
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not  (levehiji  until  X\w  latf r  sttigf  of  the  <U8eai^(\  In  the  rases  in  which 
the  pains  l>egin  in  the  amis  it  is  an  early  symptom:  hence  it  has  been 
refenefl  to  !he  lesion  in  tlie  first  iinrsal  segment  of  the  s|)inal  eorcL 

Irregular  Modes  of  Onset.  The  preceding  sym|)tnms  itre  jU'esent 
in  the  first  stage  of  locomotor  ataxia  in  about  85  jier  cent,  of  the 
cases,  but  in  tlie  other  15  per  cent,  the  first  stage  of  the  tiisease 
presents  eertsiin  anomalies.  In  fact,  the  disease  may  go  on  for 
many  mcmths  without  the  firoper  diagnosis  being  reaeherl,  as  the 
juitient  may  be  treated  by  his  family  pliysieian  for  certain  unusual 
symptoms  or  may  be  s(*nt  to  any  one  of  a  number  of  specialists  in 
eye,  ear,  throat,  stomach,  liladder,  or  mental  disease,  or  even  to  a 
surgeon,  for  an  afTection  of  the  joints  or  bones.  It  is  necessary, 
theref(jre»  to  consider  the  irregular  modes  of  onset  in  locomotor 
ataxia  in  the  first  stage  of  tlie  disease.  In  all  tif  these  irregular 
modes  of  onset,  however,  a  careful  examination  of  th«'  patient  will, 
as  a  rule,  revival,  either  at  the  lieginning  or  in  tlu*  ctiurse  of  the  dis* 
tressing  symptoms,  tlie  loss  of  knee-jerk  and  the  Argyll-Robertson 
pupiL  These  |>hysical  signs,  therefore,  are  essential  to  the  diagnosis 
of  the  disease. 

A  very  common  early  synijitom  in  locximotor  ataxia  is  the  sudden 
devt^lopment  of  slrabmuus.  This  w^as  the  first  synifrtom  in  4  jjer 
cent,  of  my  cases.  The  patient  notices  (juite  unexpeeteilly  a  con- 
dititrn  of  double  vision,  and  on  looking  in  the  glass  is  surprised  to 
find  that  one  eye  is  turned.  The  straI>isTims  may  assume  any  one 
of  the  various  possible  f<jrms,  and  is  occasionally  attended  by  ptosis. 
It  is  ntd  connnon  for  all  th(^  muscles  supjilied  by  the  third  nerve  to 
be  affected  together,  tliough  this  is  possible,  Imt  the  fiaralysis  is 
asually  limited  to  one  or  two  of  the  muscles  moving  the  eyel>all  It 
is  not  usual  for  the  ciliary  nmscle  to  be  paralyzed.  The  :d)ducens 
may  i)e  jiaralyzed,  but  tlie  troehlearis  always  escapes.  This  coiidi- 
tion  of  oculomotor  palsy  is,  a*s  a  rule,  very  transient,  lasting  only 
a  few  (lays  and  passing  aw^ay.  In  some  eases  it  persists  several  Aveeks, 
but  I  have  never  known  it  to  become  permanent.  Nystagmus  does 
not  occur,  anil  I  have  not  known  oculomotor  palsy  U)  be  accom- 
panied l>y  o]:itic  neuritis  or  atrophy.  While  these  ocular  palsies  are 
often  the  first  symptom  of  htcomotor  ataxia,  it  nmst  be  renjendxTed 
that  th*\v  may  (k^velop  at  any  time  during  the  course  of  the  disease. 
I  have  seen  tla>m  liotli  in  the  secontl  ami  third  stages  of  the  affection. 
It  has  been  supposed  in  some  cases  that  these  palsii*s  are  of  sv|>hilitie 
origin  and  inthcate  exu<hdions  of  ginnniy  material  ufion  the  l>ase  or 
a  syphihtic  neuritis,  such  as  occurs  with  great  frec]uency  in  the 
oculomotor  nerve  and  occasionally  in  the  abducens  nerve,  but  the 
fact  that  the  oculomotor  palsies  of  syphilitic  i>rigin  subside  raj>idly 
under  spx-ific  treatment,  while  those  occurring  in  the  (*ourse  of  loc**- 
motor  ataxia  do  not  so  subside,  would  iiulicate  that  they  are  not  of 
this  nature. 

Another  sMiiptom  w^hich  may  bring  the  locomotor  ataxic  patient 
to  the  oculist  ratlier  tlian  to  the  neurologist  is  a  beginning  hluidnass. 
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ThJB  wiiB  the  first  syiiil^t.*jm  in  2  per  cent,  of  my  causes.  It  is  due 
as  a  rule,  to  a  iiriniary  optic-nerve  atrophy,  whieli  condition  may 
be  the  first  sign  of  talies,  and  may  remain  without  further  symptoms 
for  many  years.  Thus  in  a  ease  under  my  observation,  referred  to 
me  by  Knai>p,  the  patient  suiTered  from  a  gradually  pri*gressive 
optic  atro])hy  which  at  the  end  of  three  years  had  rendered  her 
totally  lilind,  but  it  was  not  until  six  years  after  the  onset  of  the 
blindness  that  tingling  in  the  uhiar  distribution  and  a  loss  of  knee- 
jerks  tleveloped.  There  is  always,  therefore,  in  cases  of  primary 
optic  atrophy  a  suspicion  that  this  symptom  may  be  the  precursor  of 
a  locomotor  ataxia.  But  in  9  per  cent,  of  C4ises  of  locomotor  ataxia 
of  the  orditiary  type,  with  the  oniinary  onset,  optic  atropliy  develops 
as  a  symptom.  It  may  develop  in  the  stage  of  ataxia  or  in  the  last 
stage  of  iiaralysis;  hencx*  ophthalmoscopic  examinations  should  be 
made  in  every  case  where  any  suspicion  of  tal>es  exists.  Where  it 
is  the  initial  symptom  the  patient  first  notices  a  slight  diminution 
of  clear  visitni  and  an  imperfect  perception  of  colors,  and  careful 
perimetricnl  examination  of  the  visual  field  will  demonstrate  a  tUmi- 
nution  of  the  visual  field  for  color  and  also  a  progi-essive  diminution 
of  the  visual  field  for  light.  At  the  same  time  accm-acy  of  central 
\ision  diminishes,  a  hazy  ajjpearance  is  presented  to  all  objects,  and 
little  by  little  sight  is  Itist.  The  ophthalmoscopic  appearances  are 
those  of  primary  optic  atrophy.  (Chapter  XXXIV.)  Usually  such  an 
optic  atrophy  is  l>iiateraL  AcconUng  to  Erb^*^  statistics,  optic  atro- 
phy is  the  early  sym|)tom  in  14  per  cent  of  the  cases  and  develops 
ill  18  per  cent,  of  all  cases  before  the  end.  Of  450  cai^es  observed 
by  me,  41  cases  showed  optic  atrophy,  and  m  11  of  these  it  was  the 
first  sympt<jra.  In  cases  in  which  it  is  not  the  first  symptom  of  the 
tiisease,  but  develo])s  subse([uently,  changes  in  the  ophthalmoscopic 
appearance  of  the  disk  may  l>e  presented  and  be  visible  to  the  exam- 
iner for  some  time  before  the  patient  notices  any  liiiiiinution  of  sight; 
hence  from  the  ^T»ry  outset  in  any  case  of  locomotor  ataxia  careful 
examination  of  the  visual  fields  a.s  well  tis  of  the  optic  disks  should  be 
made.  While  concentric  tiiminution  of  the  visual  field  is  the  rule, 
sometimes  the  tt^mporal  ludf  of  the  field  is  more  diminished  than  the 
nasal  half,  anil  occjisionally  hemianopsia  has  been  observed.  Central 
scot-fjma  h  x^ry  rare. 

DeaftfeH^  and  symptoms  referable  to  the  auditory  nerve  may  be 
among  the  unex|iected  and  early  signs  (»f  hrcomotor  ataxia.  It  is 
ysutdly  preceded  by  ringing  in  the  ears  and  sometimes  by  attacks 
of  vertigo,  or  by  a  constant  sensation  of  swimming,  or  by  difficulty 
in  turning  the  head  and  eyes,  without  the  development  of  vertigo. 
Examination  in  such  cases  will  usually  show  a  deafness  to  high 
notes,  and  a  progressive  diminution  in  the  tone  field  will  ensue,  which 
finally  results  in  almost  total  deafness.  This  develops  usually  fii-st 
in  one  ear,  but  soon  follows  in  the  other.  Where  there  is  no  history 
of  hercilitary  deafness  due  to  auditory  atrofihy,  the  develojnnent  of 
such  a  condition  should  suggest  the  possibility  of  tabes.    It  does  not 
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cipvelop,  however,  with  by  any  means  the  frequeney  of  optic  atrophy* 
In  fact,  statistics  show  that  cleafiiess  is  present  in  but  1  ]\eT  cent,  of 
the  cases. 

Crises.  Another  mode  of  onset  of  locomotor  ataxia  is  by  the 
development  of  what  are  kiiow^n  as  **  crises/'  Tliese  w^ere  the  first 
symptoms  in  eighteen  of  my  cases  and  were  present  at  some  time  in 
the  ccmrse  of  the  tlisciise  in  fifty-t*iglit  eases.  There  are  sudden 
Eit tacks  of  imi>erfect  function  in  stmie  one  of  the  organs  of  the  I)ody 
^supplied  chiefly  l)y  the  luieiinKtgastric  or  by  the  sympathetic  nervous 
system. 

The  most  common  crisis  is  the  gastric  crisis,  anti  patients  are  often 
treated  for  several  years  for  supposed  disease  of  the  stouiaeh  and  for 
chronic  gastritis,  when  an  examination  of  the  eyes  or  of  the  patellar 
reflexes  would  have  easily  tlemonstrated  that  the  cause  of  the 
symptoms  was  locomotor  ataxia.  The  gastric  crisis  l)egins  suddenly 
with  severe  pain  in  the  stomach,  with  retching  and  vomiting,  and 
this  vomiting  will  often  continue  fur  several  hours  or  flays,  all  mate- 
rial put  into  the  stomach  being  immediately  rejecterh  (ireat  pros- 
tration, ns  a  rule,  follows,  and  intense  anxiety  and  rlistress.  Careful 
examination  of  tlie  gastric  contents  and  of  the  gastric  juice  fails  to 
reveal  any  constant  changes.  In  some  cases  the  mucous  vomiting 
is  extremely  acid,  in  other  cases  there  seems  to  be  a  lack  of  acithty. 
The  condition,  therefore,  is  evidently  not  due  to  any  primary  gas- 
tritis or  disturbance  of  function  of  the  glands  of  the  stomach,  but  is 
a  true  tenesmus  oi  the  stoinacli  of  nerv<»us  origiih  I  have  known  it 
to  continue  for  ten  days,  reducing  the  patient  rajjidly  in  weight  and 
making  it  necessary  to  sustain  life  by  nutritive  enemata.  Pain  is 
felt  constantly  in  the  epigastrium,  occasionally  also  between  the 
shoulder-blades,  and  may  encircle  the  body  like  a  band.  There  is 
usually  consitleraljle  tenderness  in  the  epigastrium,  the  stomach 
rejects  all  food:  then  the  act  of  vomiting  is  either  futile  or  mucus 
and  bile  are  rejected;  occasionally  hemorrliages  c^ccur  in  the  stomach, 
and  the  vomited  material  cmitains  so-called  coffee-grounds.  The 
vomiting  is  always  acconij>airH*d  by  inteiLse  naasea,  l;»y  gi'eat  weak- 
ness, frequently  by  pains  rumiing  down  the  arms,  and  oi)i)ression 
acrcKss  the  chest,  by  palpitation  of  the  heart,  and  by  vertigo.  It  is 
not  unconnnon  for  the  pains  of  locomotor  ataxia  to  develo|:»  in  the 
legs  during  the  gastric  crisis,  and  if  the  crisis  occurs  in  the  com*se  of 
an  ordinary  case  these  pains  are  usually  intensified  during  the  criss. 
The  agony  attendant  upon  such  a  crisis  is  so  great  as  to  throw^  the 
patient  into  a  state  almost  of  delirium,  in  which  he  cries,  contorts  the 
txtdy,  and  suffers  all  tlie  agonies  of  diswsolution.  Hiccoughs  and 
intestinal  or  rectal  crises  may  accompany  the  giustric  crisis. 

Gastric  crisis  terminates  suddenly,  either  under  the  influence  of 
treatment  or  spontanetiusly,  leaving  the  patients  in  a  state  of  great 
prostration,  but  usually  with  increased  appetite.  Care  has  to  be 
taken,  however,  in  feeding  them  to  use  simple  and  easily  digested 
food,  in  order  to  avoiil  a  return  of  the  crLsis;  Imt  when  all  pain  has 
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eeiisptl  fur  twonty-fnur  hours  it  is  safe  to  begin  a  rapidly  increa.sin^ 
systeinatie  course  of  uoiunshnient,  im  tlie  patient  needs  as  nuieli  food 
as  tlie  stoniaeli  ean  al»sorlK  Frirty-nine  out  of  four  hundred  and 
tifty-f^ix  eases  had  ^!istric  crises  at  some  time  during  tlie  disetise.  In 
one  patient  under  my  observati(jn  such  a  gastric  crisis  occurred  at 
intervals,  hrst  of  six  mouths,  then  of  three  or  four  months,  for  a 
peritnl  of  fiiur  years  before  a  loss  of  knee-jerk  and  the  devclot>ment 
of  the  Argyll-Robertson  pupil  riKule  it  positive  that  the  condition 
present  was  one  of  taljes.  In  tlie  uieantime  he  had  Ijee-n  treated  Ijy 
all  forms  of  diet,  by  lavage,  etc,  in  vain.  The  immediate  use  of 
hypodermics  of  morjihine  in  large  amount  on  the  onset  of  the  crisis 
seems  to  cut  short  each  attack,  though  they  have  continued  to  the 
present  time  at  intervals,  even  wuw  whr^n  the  general  symptoms  of 
the  dispase  are  quite  evident. 

Intestinal  and  rectal  crises  are  less  common  than  giustric  crises, but 
may  also  hv  tlip  first  signs  of  a  locotriotor  ataxia.  They,  liowrver, 
usually  occur  in  the  secoial  stjige.  Th(\v  iK^gin  with  severe  pains  in 
the  l>owels  or  in  the  rectum,  are  attended  by  a  watery  diarrhoea  with 
great  tenesnius  and  rapid  exhaustion,  antl  usually  by  great  tinrst. 
These  attacks  may  c<uitimie  for  two  or  three  days,  every  attemjit  at 
taking  fluid  or  food  being  followed  imna^diately  l>y  an  evacuation  of 
the  Ijowels.  After  tlit^  ordinary  contents  are  discharged,  mucus  or 
serum  is  found  in  the  discharges.  These  attacks  cease  suddenly,  but 
leave  th(*  patient  in  a  state  of  great  prostration. 

Laryngeal  crises  are  next  in  fre<)uency  to  gastric  crises.  The 
pati(*nt  is  usual  I  v  seized  by  a  sudden  and  severe  cougli,  becomes 
iKjarse,  and  has  great  difficulty  in  lacatbing,  on  account  of  an  adduc- 
tor spasm  of  the  larynx.  The  cough  is  a  typical  nervous  cough,  very 
haid  and  harsh,  is  aecompanit'd  by  dyspixea,  and  the  attacks  are 
xvvy  s(*vere  and  occur  infay  hour  or  two  for  several  minutes  at  a 
time  and  after  a  short  duration  are  usually  attended  liy  great  fre- 
quency of  respiration.  They  may  be  attended  by  attacks  of  gaping. 
Pliysiral  examination  of  the  lungs  fails  to  reveal  any  e\qflence  of 
bronchitis,  but  after  the  attack  has  lasted  for  s(aiie  tin  a*  inspection 
of  tfie  larynx  usually  reveals  a  corigestic(n  of  tlie  vt>cal  cortis,  and  not 
infrequently  the  intensity  of  the  cough  gives  rise  to  a  secretion  of 
mucus.  The  attacks  cease  as  siahienly  as  they  afvpear,  and  are  thus 
manifestly  of  nervous  origin.  But  eight  of  my  four  lumdred  and  fifty 
pati(*rits  had  laryngeal  crises. 

Charcot  tlcscrilicd  a  form  of  laryngeal  crisis  which  he  tcnued  laryn- 
geal vertigo,  in  which  the  patient  feels  a  tickling  or  feeling  of  heat 
in  the  throat,  ft^llowed  by  a  sense  of  sufTocation  and  noisy  whe€*zing 
breathing.  This  is  irmnediately  followed  Ivy  a  sense  of  vertigo,  and 
the  jtatient  often  fidls  fainting  and  uia^onscious  to  the  gnmnd.  In 
some  jjersons,  especially  tliose  of  a  very  nervous  constitutitm.  Oppen- 
heim  has  discovered  that  pressure  upon  the  hyoid  bone  near  to  the 
larynx  may  i^rodnce  reflex  attacks  not  unlike  those  occurring  in 
laryngeal  %'ertig<»  luul  in  laryngeal  crisis.    This  fact  should  be  remem- 
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herf'tl  if  patients  sliow  theye  symptom?^,  in  order  that  thfy  may  avoiil 
wearing  ii  tight  cfjllar  or  compressing  the  neck. 

Pharyngeal  crises  have  been  cihserveil  l>y  Oppenlieinu  They  consist 
of  painful,  ra|)i(lly  neciirring  aets  of  swallowing,  anil  a.-^  eaeh  art  <»f 
swallowing  is  accom[Kinied  l>y  the  passage  tif  a  certain  amount  of 
gas  into  the  stomaeli,  they  are  followed  by  attacks  of  belcliing.  The 
patient  may  swallow  as  nuiny  as  twenty-four  times  a  minute  ami  the 
attack  may  last  for  ten  mimites.  giving  rise  to  great  distress  and  n 
sense  of  nausea.  Attacks  of  he|>atie  cohc  with  jjain  similar  to  that 
of  the  passage  of  a  gallstone,  and  attacks  of  renal  colic  with  pain 
similar  to  that  of  the  passage  of  a  renal  calculus,  occurring  in  the 
CfHirse  of  tabes  have  been  descril)e(l  as  hepatic  and  nephritic  crises. 
But  these  are  extremity  rare,  and  their  nervous  origin  is  tiuestitmahle. 

\'esical  and  urethral  crises  are  less  common.  They  are  attt^ided 
by  severe  pain  in  the  region  of  the  bladder  and  in  the  urethra,  occur- 
ring like  colic  in  a  series  of  sudden  att:u'ks  with  an  intense  desire  to 
empty  the  blatliler  which  may.  however,  not  be  successful.  But  one 
uf  my  jtatients  had  this  symi>tom. 

The  French  authors  tk^scribe  genital  crises  in  both  males  and 
female8,  consisting  of  gi'eat  sexual  excitement  attended  by  sharp 
[lains  in  the  organs.     I  have  never  seen  such  cases. 

Attacks  of  angina  iiectoris  or  pseudo-angina  have  given  rise  to  the 
supposition  that  cardiac  crises  may  t>ecur  in  the  course  of  locomotor 
ataxia.  Patit^nts  an*  seized  smUlenly  by  pain  in  the  heart  and  by 
pain  running  down  the  left  arm;  they  turn  |>ale,  suflFer  nuich  from 
dyspncea  and  dislre^ss,  with  great  mental  mixiety,  occasitmally  faint 
away,  l>ut  gradually  rec(»ver,  though  the  attack  may  l>e  refjcated 
several  times  in  twenty-four  liours  before  it  passers  aw^ay  completely. 
Stich  attacks  are  always  attended  hy  a  very  rapi<l  j>ul.se,  which  is  not 
infrequently  irregular  and,  in  fact,  may  Ije  prece<led  for  several  days 
liy  an  unduly  rapid  heart  action.  These  cardiac  crises  are  extremely 
ran*.     I  have  never  seen  such  a  case. 

The  develojunent  of  tropliic  disturbances  in  tlie  joints  and  per- 
forating ulcer  of  the  foot  rarely  occurs  as  an  early  symjjtom  of  loco- 
motor ataxia:  they  are  nmch  more  connnon  as  com|)Iications  of  the 
later  stage  of  the  disease,  and.  tlierefore,  will  \ir  considered  after  the 
sym])torns  uf  the  second  stage  have  Ix^en  studied. 

The  SecoiLd  or  Ataxic  Stage.  The  second  stage  of  tabes  has  becm 
termed  the  stage  uf  ataxia  and,  as  a  rule,  ataxia  only  develojjs  after  a 
jtrc(*rding  stage  of  pain  nr  after  the  (inset  of  sorn**  of  the  mure  unusual 
early  symptoms  of  the  disease.  In  a  few  cases  (3  per  cent  J,  however, 
I  liave  seen  ataxia  ajjpear  as  tlie  very  first  sym|>tom  of  locomotor 
ataxia.  In  all  eases  of  the  disease,  however,  it  develops  finally,  and 
is  one  of  the  most  important  aiul  characteristic  of  the  symptoms  of 
the  afTection,  having  given  its  name  to  the  ilisease. 

Ataxia.  Ataxia  may  be  defined  a.s  im|ierfect  c(Mjrdination  of  mus- 
cular acti<*n.  For  every  act  of  the  body  a  regular  succession  of 
movements  in  the  nuiscles  of  pro|KT  degree  and  intensity  and  of 
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wide  tlistribution  is  necessary.  The  simplest  act,  such  as  closing 
the  fist^  crossing  the  knees,  or  the  more  complex  acts  of  rising  from 
a  chair,  standing  still,  taking  a  step,  or  the  finer  acts  of  writing, 
or  buttdning  the  clothing,  or  jjhiying  a  musical  instrumerit,  really 
involve  an  action  in  almost  all  the  muscles  of  the  body,  for 
there  must  be  a  proper  fixation  of  the  joints  in  order  that  other 
joints  may  act.  There  must  be  a  proi)er  fixation  of  the  s]une  in 
order  that  the  balance  may  he  pr(\served.  There  must  lie  a  proper 
adjustment  of  (me  side  of  the  body  in  order  that  the  other  may 
perform  its  movements.  Any  careful  study  of  normal  action  will 
reveal  at  once  tlie  highly  complex  |jrocess  which  is  involved  in  every 
movement,  and  the  length  of  time  that  is  requireil  to  acrjuire  these 
various  adjustr<l  movements  demonstrates  that  many  different 
mechanisms  and  condanatioiis  are  required  in  order  to  i»ro<kice 
motor  effects  of  an  adjuste<l  character.  All  such  oiovements  in  adult 
life  are  purely  reflex  and  automatic,  an<l  we  never  think  of  the  method 
pursued  in  the  ]>erformance  of  a  certain  act  unless  our  attention  is 
directed  to  it.  Even  such  acts  as  are  manifestly  accjuired  liy  volun- 
tary efTort,  such  as  the  learning  ul  a  new  dance  or  the  playing  of  a 
new  musical  instrument,  soon  become  automatic,  and  while  volition 
may  set  the  mechanism  in  operation,  it  is  the  higher  reflex  centres 
that  control  the  exact  degree  of  nuLscular  activity.  The  control  of 
all  eo-ordiiiated  movemeitts  involved  in  standing  and  walking  is  the 
function  of  the  cerebellunh  Tlie  control  of  all  the  finer  movements 
of  tlie  lianils  is  the  function  of  the  cerebrum;  but  in  either  case  the 
essential  condition  of  a  pro{.>er  co-orilinated  act  is  the  reception  in 
the  autiunatic  centres,  whether  these  lie  in  the  spinal  cord,  the 
medulla,  the  cerebellum,  or  the  cerebnun,  of  sensory  impulses  coming 
from  the  muscles,  skin,  and  joints.  In  locomotor  ataxia  we  ha%^e 
seen  that  the  lesion  cuts  off  such  impulses  just  at  their  entrance  into 
the  spinal  cord — the  senst)ry  tracts  to  the  spinal  cord  Ixniig  affected 
at  this  point — and  lience  impulses  destined  for  the  gray  matter  of  the 
cord,  for  the  medulla  by  way  of  the  columns  of  GoU,  for  the  cere- 
bellum by  way  of  the  columns  of  Clarke  and  chrect  cerebelhir  tracts 
and  for  the  cerebrum  by  way  of  the  columns  of  Goll  and  Burdach, 
the  If^mniscus,  and  the  internal  capsule  are  all  interruiited.  Reference 
to  the  diagram  (Plate  11.)  will  show  that  a  lesion  of  the  posterior 
nerve  roots  deprives  the  nerve  centres  of  all  information  with  regard 
to  the  position  of  the  limbs,  the  tlegree  of  tension  of  the  muscles,  and 
of  all  those  facts  which  go  to  condition  co-ordinated  action  and 
eciuilibrium.  Hence  it  is  to  be  exjiected  that  in  ]>osterior  sclerosis 
ataxia  will  ilevelof)  and  will  be  exactly  proportionate  in  degree  to  the 
degree  of  the  sclerosis. 

Ataxia  is  due  to  a  loss  of  a  large  nundier  of  different  sensations. 
It  is  partly  due  to  ana^stliesia  of  the  skin,  for  in  an  ataxic  patient 
anything  which  increases  the  anaesthesia  of  the  soles  of  the  feet  or 
of  the  hands  will  inteiLsify  the  ataxia.  It  is  not  wholly  due  to  this, 
because  ataxia  floes  not  attend  amesthesia  from  other  causes  when 
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that  is  the  luily  s^^niptoin  present.  Ataxia  i.s  partly  dup  to  a  loss  of 
niusndar  ^ense,  the  sense  which  probably  is  (Jerlved  fnjni  the  muscle 
spirit  ties  reeeiitly  ihscovered  in  the  muscles  and  tendons.  This  is 
proven  by  the  fact  that  in  almost  all  cases  of  ataxia  a  diminution, 
or  even  loss  of  nmscular  sense,  can  be  demonstrated.  This  is  the 
sense  by  which  the  situation  and  movements  of  the  limbs  are  ap- 
preciated and  In*  which  differences  of  pressure  ami  of  weight  are 
perceived.  It  must  1)e  clearly  distinguished  fmm  tlie  sense  of  effort 
which  is  a  function  of  the  cortex  and  is  a  centrifugal  rather  than  a 
centripetal  function.  In  almost  all  cases  of  ataxia  careful  examina- 
ticni  will  demonstrate  that  the  |>titient  is  not  sure  of  the  exact  posi- 
t'um  uf  Ids  extremities  or  of  their  distal  parts:  cannot  with  his  eyes 
closet!  reproduce  in  one  hand  or  one  foot  artificial  positions  given 
to  tlie  other:  cannot  distinguish  small  differences  in  weights,  as  he 
should  in  health,  and  instinctively  guides  his  movements  by  the  sense 
of  sight  rather  than  by  the  sense  of  muscular  feeling.  But  ataxia  is 
not  wholly  due  to  the  loss  of  this  sense,  fiir  occasionally  muscular 
Bense  has  been  obliterated,  as  in  s\Tingomyelia  without  the  develop- 
ment of  ataxia.  Another  important  element  entering  into  the  ataxia 
is  the  sensation  derived  from  the  joints  and  ligaments  of  the  joints. 
These  sensations  undoubtedly  enter  into  tlie  adjustment  of  motions, 
especially  the  sensations  derived  from  the  vertebnT,  and  all  these 
sensations  are  undoubtedly  involved  in  the  production  of  true  ataxia. 
It  is  therefore  evitlent  that  the  symptom  of  ataxia  is  due  to  the 
cutting  off  of  numerous  flifferent  forms  of  sensation  reaching  the 
spinal  cord,  but  transmitted  through  it  to  the  various  automatic 
centres  wiiich  control  adjusted  movements. 

The  symptom  of  ataxia  is  show^n  by  awkwai^dness  of  motion, 
developing  gradually  and  usually  beginning  in  the  legs.  A  |>atient 
first  notices  that,  on  closing  the  eyes  in  the  act  of  washing,  or  in  rising 
in  the  night  and  attempting  to  move  about  in  the  dark,  he  is  un- 
steady on  his  feet,  sways  unduly,  and  even  loses  his  balance.  He 
then  notices  that  in  attempting  to  dance  or  in  attempting  to  walk  a 
straight  line  lie  swiiys  untluly.  Then  he  finds  that  in  going  up  stairs, 
in  rising  from  a  chair,  in  starting  off  to  walk,  in  turning  sudtlenly 
while  w^alking,  or  in  attempting  to  step  with  precision  upon  a  car  or 
into  a  cab  his  feet  are  clumsy  and  he  stumbles.  If  at  this  stage  or 
in  the  stage  of  pain,  even  before  the  patient  lifLs  noticefl  any  ihffi- 
culty  in  walking,  he  is  asked  to  stand  with  his  feet  tight  together 
and  his  eyes  closed,  he  will  be  found  to  sw^ay  unduly.  This  is  the 
so-called  Romberg  sign.  ha\ing  first  been  described  by  Romberg  in 
1852,  If  this  act  of  standing  with  eyes  closed  be  carefully  observed 
it  will  be  noticed  that  irregular  contractions  are  constantly  occurring 
in  the  anterior  and  posterior  tibial  muscles  and  in  the  muscles  (jf  the 
feet,unasual  muscular  effort  of  a  wholly  automatic  character  appar- 
ently being  called  into  play  to  aid  in  this  involuntary  act. 

Tba  Qait  in  Locomotor  Maxi&,  As  the  disease  advances  the  gait 
becomes  much  disuiri>ed  and  a  typical  gait  develops.     The  steps  are 
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irregular  in  their  length,  the  feet  often  being  placed  U\o  far  apart; 
the  legs  are  thrown  about »  their  iiuit>cular  act  b^ing  done  to  excels 
and  without  proper  degree.  The  feet  are  thrown  forward  and  lifted 
high:  they  come  down  with  a  slap  u]nni  tlie  floor,  and  it  often  seeine? 
as  iJ  the  joints  were  too  loose,  tlie  legs  being  thrown  alitint  witli  a 
flail-like  action.  In  the  later  stages  of  the  disease  the  knees  are 
frequently  bent  Ijackward  in  the  acts  both  of  standing  and  walking, 

and  the  ankles  may  turn.     In  rising 
fi«.vj(8.  from  a  chair  sucli  a  patient  is  apt 

X\  to  lean  forward    unduly  and  sway 

\  backwi^rd  and  forward  for  a  nanuent 

1  before  gaining  his    proj^er  bain  nee, 

J  He   bas    difficulty   in    starting   off, 

/  usually  Inking  liold  of  some  ndjacent 

\  oijjert  or   steadying    himself   by  a 

\  cnne.      These    patients    uniformly 

V  watcb  the  action  of  their  feet  care- 

\  fully,  and  mnny  who  can  balance 
themselves  fairly  by  the  aid  of  eye- 
siglit  are  wliolly  unable  to  walk  in 
the  dark  or  when  blindfoblc^d.  Tins 
condition  is  termed  static  ataxia  in 
ilistinction  from  nuitor  atiixia,  which 
is  a  state*  of  inco-ordination  develop- 
ing in  movements  not  coimeetetl 
with  stanfhng.  Any  test  which  will 
involve  tin*  pf»rft>rmaiice  of  a  care- 
fully adjusted  movement  will  reveal 
the  uncertainty  of  motion  in  these 
ptitients.  The  comnmn  test  for 
niotur  ataxia  is  requesting  the  pa- 
ticnl  to  fullow  a  line  on  the  carpet 
with  his  toe,  to  touch  the  toe  to  the 
finger  of  the  examiner  held  in  dif- 
ferent iKfsitions,  to  touch  one  heel 
to  the  opposite  knee,  to  cross  the  legs  slowly,  making  the  toe  de^ 
scribe  a  complete  circle  in  the  air. 

The  han<;ls  may  also  become  ataxic.  Tests  ai>plied  to  the  hands 
may  be  made  by  asking  the  patient  to  touch  some  object — his  nose  or 
tlir  o|)pt)site  ear — with  the  tip  of  the  finger,  with  his  eyf>s  closed,  or 
t4i  perform  some  sim|>le  act,  such  as  hmttoning  his  clothing  or  writing. 
These  tests  will  reveal  the  beginning  ataxia  in  the  lian^ls  when  the 
patient  pf*rhaps  is  not  aware  of  any  disturbance  in  them.  Later  on, 
when  the  motor  ataxia  is  well  develo])ed,  the  action  of  tlie  hands  is 
quite  cliaractmstic.  The  patient  extends  the  fingers  widely  in 
making  any  attempt  at  grasping,  takes  hold  of  objects  to<j  tightly, 
thereby  crusliing  delicate  i»l»jects  imintentionally ;  has  great  dithculty 
in  buttoning  his  clothing,  an*l  the  awkwardness  of  movement  ijs 
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apparent  in  every  act  of  the  hands.  In  the  later  stages  he  may  be 
reduced  to  such  a  condition  of  ataxia  as  to  be  unable  to  write,  or  to 
feed  himself,  or  to  dress  himself.  If  he  is  told  to  pick  up  a  small 
object  there  may  be  not  only  an  undue  opening  of  the  fingers,  but 
irregular  and  unexpected  jerks  of  the  elbow  and  shoulder. 

When  the  ataxia  is  well  developed  tests  demonstrate  an  actual 
loss  of  the  power  of  perceiving  differences  of  weight.  Thus  the  patient 
may  be  unable  to  distinguish  between  a  penny  and  a  half-dollar  in 
the  two  hands,  and  when  tested  more  accurately  by  means  of  balls 
of  various  weights  will  show  a  variation  from  the  normal  equations. 
The  sense  of  pressure  may  also  be  diminished,  so  that  when  objects 
are  piled  upon  the  supported  hand,  such  as  two  or  three  books,  the 
patient  will  be  unable  to  distinguish  between  differences  that  should 
be  apparent. 

Tests  also  will  reveal  a  lack  of  knowledge  of  the  position  of  the 
limbs  in  space  when  the  eyes  are  closed.  If  a  finger  or  toe  be  grasped 
by  the  examiner  on  two  sides  and  movements  conveyed  to  the  joints, 
the  patient  may  be  unable  to  tell  whether  the  finger  or  toe  is  extended 
or  flexed.  If  the  grasp  is  made  on  front  and  back  of  toe  or  finger 
and  the  pressure  sense  is  preserved,  this  may  convey  the  desired 
information,  and  the  test  be  imperfect.  This  loss  of  the  sense  of 
position  may  be  so  extreme  that  the  patient  is  unable  to  say  which 
leg  is  placed  over  the  other.  He  may  lose  his  legs  in  bed  and  be 
unaware  that  one  is  hanging  out  and  is  exposed  to  the  cold.  One 
patient  of  mine  always  had  to  be  carefully  helped  into  the  carriage, 
as  he  was  liable  to  leave  one  leg  hanging  out  of  the  door.  In  the 
most  extreme  form  of  ataxia  the  patient  is  wholly  unable  to  stand  or 
to  walk  or  to  use  his  hands,  being  thus  apparently  incapacitated  for 
all  movement;  and  he  is  then  said  to  be  in  the  stage  of  paralysis. 
Thus  the  stage  of  ataxia  may  go  on  slowly  and  merge  into  that  of 
paralysis  without  there  being  any  sudden  transition  between  the  two 
stages. 

Ansdsthesia.  When  the  stage  of  ataxia  is  fully  developed  decided 
loss  of  sensation  is  usually  present.  The  first  sense  to  be  lost  is 
usually  the  sense  of  pain.  Irritation  of  the  skin  by  a  pin  or  by  a 
needle  will  develop  an  inability  to  perceive  painful  sensations  or  a 
very  marked  delay  in  their  perception.  Thus  several  seconds  may 
elapse  from  the  impact  of  the  needle  to  the  perception  of  pain,  and 
the  location  of  the  pain  may  be  erroneous.  Usually  the  painful 
sensation  is  erroneously  located  at  a  level  somewhat  higher  than 
that  at  which  it  really  occurs.  The  impairment  of  the  sense  of  pain 
leads  very  often  to  the  neglect  of  slight  injuries,  especially  injuries 
about  the  joints,  and  it  is  undoubtedly  the  cause  of  the  development 
of  many  trophic  disturbances.  This  lack  of  sense  of  pain  may  also 
prevent  the  patient  from  noticing  the  painful  effects  of  heat  or  cold, 
even  when  tliese  produce  injuries  to  the  skin.  The  analgesia  is 
usually  attended  by  thermo-ana^sthesia,  in  which  the  patient  loses 
the  sensation  of  temperature  both  to  heat  and  to  cold.     It  is  my 
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experience  that  cold  sensations  are  usimlly  well  ptTeeived  and  that 
the  patients  are  intensely  sensitive  to  all  enld  applications,  even 
during  the  well-niarketl  stage  of  ataxia.  But  heat  is  very  often  not 
duly  |iereeiveil,  and  very  hot  objects  may  seeni  only  slightly  warm; 
hence  the  patientvS  are  in  danger  of  being  burned  if  they  are  alh>wed 
to  take  hot  !*aths  or  if  any  hot  objects,  such  as  bags,  are  laid  upon 
the  body.  The  sensation  of  temperature  may  also  be  tlelayed  in  the 
early  stage,  even  when  felt. 

Sensations  of  tickling  are  commonly  impaired  in  the  stage  of 
ataxia. 

Wlnie  aniesthesia  is  a  rather  rare  symptom  in  the  stage  of  pain, 
it  is  always  present  in  some  degree  in  the  stage  of  ataxia.  The  dis- 
tribution of  this  ana'sthesia  has  been  carefully  stuilied  of  late  by 
Laehr,^  who  has  demonstrated  that  the  ana^stlietic  areas  correspond  to 
the  distribution  of  the  sensory  nerve  roots  and  do  not  CiJiTespond  to 
the  distribution  of  the  peripheral  nerv^es.  Thus  anaesthesia  Ls  very 
commonly  ilelayed  on  the  outer  surface  of  the  legs,  in  the  third  lum- 
bar area  (Plate  XIII. K  in  the  outer  half  of  the  feet,  or  only  on  the 
imier  lialf  of  the  foot  in  thc^  hrst  sacral  area.  (_)r  it  may  develop  on 
the  anterior  surface  of  the  thighs  in  the  second  lumbar  area.  It  has  a 
tendency  to  extend  from  one  segmental  area  of  the  legs  to  another 
until  tlie  entire  lower  extremities  are  partially  aiuesthetic.  The  anaes- 
thesia sometimes  may  appear  high  ui>  on  the  trunk  and  on  the  imier 
surface  of  the  arm  fnun  the  axilla  d*>wnwari],  even  when  the  trunk 
shows  no  sign  of  aniTsthesia.  An  insensitivcness  to  pressure  upon  the 
nerv^e  trunk  attends  the  anaesthesia,  so  that  pressnre  over  the  periph- 
eral nerve  as  it  cmves  around  the  fibula,  while  jiroductive  of  tingling 
in  the  foot,  is  nijt  attended  1)V  pain:  and  pressure  upon  the  ulnar 
nerve  at  tlieell)ow,  while  productive  of  tingling  in  the  fingers,  is  not 
atteniled  Ijy  jjain.  This  latter  symptom  was  first  pointed  out  by 
Biernacki. 

Joint  Diseases*  An  unusual  laxity  of  the  jf»ints  is  not  uncommon 
in  the  stage  of  ataxia.  The  ankles  are  turneti  umkily  in  walking, 
either  in  or  out,  the  patient  frequently  stepping  upon  the  side  of  the 
foot  without  being  aware  of  it.  The  knees  appear  to  be  relaxed  so 
far  as  all  muscular  tension  about  them  is  concerned  and  turned 
backward  in  the  act  of  standing  or  in  the  act  of  walking.  (Fig.  103.) 
The  thighs  appear  to  be  loose,  so  that  subluxation  often  apj^ears  to  he 
imminent.  The  same  is  true  of  the  joints  of  the  fingers,  of  the  wrists, 
and  of  the  elbows,  and  I  have  never  seen  a  case  of  well-marketl 
ataxia  in  which  undue  extension  of  the  joints  wiis  not  easily  jjossible 

It  is  this  relaxation  of  the  ligaments,  together  with  the  absence  of 
the  signs  of  pain  on  the  j  product  ion  of  such  unusual  positions,  which 
are  probably  the  active  causes  of  the  development  of  the  joint  diseasi^s 
of  locomoti*r  ataxia,  although  these  joint  affections  are  commonly 
termed  trophic  cctmjjlications.   They  have  been  named  Charcot  joints, 
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as  he  was  the  first  to  ile^erihe  tliem.  Patients  very  commonly  do 
not  perceive  tlie  l)egi!min^  of  these  joiut  affections,  and  only  apply 
to  a  |)hysician  wht*n  tlie  joint  is  enormously  swollen  and  full  of  fluid. 
Some  traumalisra  is  undoubtedly  the  active  cause  of  the  develo]jnient 
of  Charcot  joints.  1  have  seen  tliem  xery  commonly  in  clinic  cases, 
but  very  rarely  among  the  higher  cUtsses,  who  are  not,  as  a  rule, 
expfjsed  to  injiu'ies.  Among  one  hundred  and  twenty-six  private 
patients  four  had  an  affection  of  the  knee,  two  of  the  ankle,  two 
of  the  wrist,  and  one  of  the  toe.  The  joints  affected  are  most 
frequently  the  knee-joints  or  the  ankle,  though  the  elbow  and  the 

Pro.  lot. 
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wrist  may  be  involved.  The  small  joints  of  Uws  and  fingers  are 
rarely  affected.  Several  forms  of  joint  disease  may  de^'eloji,  but  it 
is  to  be  remarked  that  these  diseases  do  not  follow  the  typical  forms 
of  arthritis  and  that  they  are  not  atten<]ed  by  pain.  The  first 
sjiuptom  is  usually  an  effusion  within  the  joint,  which  goes  on  rapidly 
until  the  cavity  of  the  jdint  is  enormously  distended  l>y  fluid.  Thus 
the  knee  may  l>e  twice  the  size  of  the  unaflecied  knee,  or  the  ankle 
may  be  twice  the  size  of  the  unaffected  ankle.  This  distention  of 
the  joint  with  fluid  sefiarates  the  articular  surfaces  of  the  bones,  which 
thus  play  irregularl}' uiHin  tuie  another,  an* I  then  patholi»gical  changes 
develop  in  the  articular  surface  and  in  the  bones  themselves.    The 
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tissue  all  about  the  joint  may  also  become  infiltrateil  witli  fluid  and 
cedematous  and  pit  upon  firessure.  Tliere  is,  however,  no  heat,  no 
redness,  no  tendi^rness  of  tlie  parts,  and  nu  pain.  In  nnkl  eases 
effusion  ^adually  subsides  under  rest  and  the  joint  returns  to  its 
normal  form,  cartilage  and  l)i)nes  not  having  been  perrnanently 
affected.  In  otlter  eases  an  entrrninus  tliifkeniiii^  d*"veIo]is  in  the 
ends  of  the  bones  and  in  the  eartihtges,  and  a  permanently  enlarged 
joint  that  is  only  partly  useful  remains.  If  the  process  goes  further 
this  enlargt'nirnt  is  followed  by  a  progressive  atTo])hy,  by  disinte- 
gration antl  disa])p('aninee  of  the  cartilage,  Ijv  erosion  of  the  end  of 
the  bone,  no  trace  of  the  articular  surface  finally  remaining.  In  this 
last  stage  unusual  mobility  of  the  joints  folloi\^,  and  the  anterior 
surface  of  the  leg  may  be  laid  upon  Ww  anterior  surface  of  tlie  thigli 
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^■j      ^H  without    {lain,  or   the   hips    may  be 

^p       ^B  placed  in  all  sorts  of  positions  with- 

in       ^^  out  resistance.     In  cases  where  tro- 

I  W,  jihic  disturbances  of  the  joints  occur 

^I^J  \^^     it  i^  ii"t  uneonmion  to  find  an  undue 

^^'^  ^^      friability  of  the  bones,  so  that  spon- 

taneous fractures  on  very  slight  in- 
jury or  muscular  strain  are  produced 
in  the  long  bones,  especially  of  the 
lower  limbs.  Pathological  examination  has  usually  shown  a  dilata- 
lion  of  the  Haversian  canals  in  the  long  bones  in  tla^se  states,  with  a 
thinmng  and  fragility  of  the  compact  substance.  This  has  led  to 
the  general  acceptance  of  the  theory  of  a  primary  trophic  disturb- 
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ance,  Charcot's  statement  that  the  affectioD  of  the  joints  cannot 
be  entirely  explained  in  every  case  by  traiiniatism  or  by  neglect  of 
painful  affections  niiLst  therehjre  be  admitted, 

Anotlier  tropliie  disturbance  elosely  allied  to  joint  affection  is 
a  permanent  distortion  of  tlie  foot  which  develops  gradually  and 
resenililes  club-foot.  A  hard  swelling  usually  appear?^  upon  the  back 
of  the  fotd, and  the  inner  surface  uf  the  foot  becomes  more  i>romineot 
on  account  of  an  adducted  and  inverted  pfjsition,  the  arch  of  the 
foot  Ix^comes  flat,  tlie  toes  are  extremely  flexed,  the  whole  foot  is 
sliortened,  and  in  attempts  to  walk  the  weight  rests  upon  the  outer 
surface  of  the  foot.  It  is  fin»bable  thai  this  is  due  to  a  comliina- 
tion  of  factf)i*s.  the  lack  of  iniLscular  adjustmr^nt,  the  relaxation  of 
the  ligaments,  and  a  trophic  (hsturbance  of  the  bones  of  the  foot 
Coinciding  to  ])rtKluce  if. 

Another  trojjhic  affection  which  is  jiresent  in  a  few  cases  in  the 
ataxic  stage  of  tlie  disf-ase  is  the  so-called  perforating  ulcer  of  the 
foot.  It  may  originate  in  a  neglected 
corn  or  bunioUp  it  may  be  due  to  an  injury 
of  one  of  the  small  bones  of  the  fcjot^  with 
consequent  caries  and  suji]ni ration,  or  if 
may  l>e  due  to  a  neglected  henir>rrhage 
(so-called  '* stone  boir').  Whatever  the 
origin,  the  lesioTi  Ls  a  small  sinus  usually 
situated  on  the  ball  of  the  great  toe,  or 
lietween  tli*^  great  and  next  t(»e,  or  under 
the  little  toe,  which  sinus  secretes  a  thin 
ichorous  Huiil  and  refuses  to  lieal  under 
surgical  treatment.  (Fig.  107.)  In  the 
v;ist  maji^rity  of  cases  the  absence  of  pain 
lejids  the  patient  to  take  no  notice  of  the 
foot  until  the  ulcer  is  fully  formed,  and 
then  examination  shows  a  sinus  leading 
down  to  a  bit  of  carious  bone  wholly  in- 
sensitive and  surrounded  on  the  surface 
by  an  ulcerated  dermal  tissue  and  <iee|>er 
by  granulating  tissue.  Occiisionally  a 
gangrenous  sfiot  may  form.  Scraping  this 
ulcer  or  its  sinus,  injecting  it  with  aritisej>tic  solutions  or  wth  iodine 
usuall\'  hols  to  b<*  folk^w*-*]  Ijy  liealing,  atid  occasionally,  if  the  dis- 
ease gives  rise  to  great  discomfort,  which  is  rare,  amputation  of  the 
toe  or  ex^seetion  of  the  joint  may  be  necessary.  I  have  known  such 
an  ulcer  to  be  neglected  by  the  patient,  a,H  it  caused  no  pain  for 
several  years  and  produceil  no  deleterious  effects, 

Peculi&r  skin  affectionB  are  occasionally  nienti(vned  a*s  conii>licating 
trophic  disorders  in  the  second  stage  nf  ataxia.  These  are  usually 
of  the  form  of  herpetic  erui>tioii'^  which  may  be  quite  extensive  in 
the  legs  or  about  the  body,  or  of  the  form  of  subcutaneous  ecchy- 
moses,  or  rpiite  widespread  effusions  under  the  skin.     Pemphigus 
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has  abo  been  observed.  J^elow  hits  descril>ed  a  condition  of  thick- 
ening of  the  skio  with  loss  of  color  and  deisquamation  not  unfike 
ichthyosis.  An  imperfect  growth  of  the  nails  with  unusual  ridg- 
ing, peculiar  curvature,  f>r  a  falling  out  of  the  nails  is  not  a  very 
uncommon  complicating  tropliic  disturbance.  Here  again,  how^ever, 
traumatism  is  the  usual  cause. 

Among  trophic  disturbances  described  loosening  and  falling  of  the 
teeth  havelieen  mentioned  with  or  without  severe  toijthache.  In  a 
few  causes  this  condition  has  gone  on  to  a  necrosis  of  the  l)one  of  the 
jaw  with  atn*phy  of  the  alveolar  process. 

Irregular  atrojihy  in  the  various  muscles  of  the  body,  especially  in 
the  muscles  sii|>ptied  by  the  external  popliteal  nerve  in  the  legs  and 
the  ulnar  nerve  in  the  hands,  lias  been  observed  in  a  immber  of  cases* 
These  localized  atrophies  are  undoubtedly  due  to  a  comj)licating  neu- 
ritis. In  tlie  last  stage  of  the  disease,  however,  w^hen  the  patient  is 
confined  to  the  bed,  the  entire  nuiscular  system  may  become 
atrophied.  Antl  in  sf>me  of  th(*se  cases  a  complicating  amyotrophic 
lateral  sclerosis  has  been  found  on  examination  of  the  spinal  cord. 
The  atrophy  is  a  slowiy  advancing  one,  and  is  attentled  by  paralysis 
and  by  reaction  of  degeneration.  Sudden  transient  palsies  have 
been  described  as  occurring  in  tabes  at  any  of  the  stages  of  the  disease 
similar  to  the  muscular  i)alsies  in  tlie  eyes,  Tliese  may  be  due  to  a 
complicating  neuritis  which  subsequently  recovers. 

Even  in  tlie  stage  of  ataxia  the  muscular  strength  of  the  patient 
may  he  good,  though  the  lack  of  co-ordination  ina>'  make  it  apparent 
that  he  has  a  true  paralysis.  It  is  only  in  the  last  stage  or  stage  of 
paralysis  that  any  real  weakness  of  the  nmscles  develops.  Erb 
affirms  thai  in  the  early  stage  the  electrical  contractihty  of  the  mus- 
cles is  slightly  incretised  both  to  faradism  and  galvanism,  especially 
in  the  region  of  the  peronei,  and  that  in  the  later  stages  there  is  a 
diminution  of  eleclrical  contractility  in  these  muscles,  but  never  a 
reaction  of  degeneration. 

It  is  not  so  easy  to  explain  the  sudden  occurrence  of  hemiijlegia 
in  tabes,  although  cases  have  hecm  recorded  in  which  this  has  ap- 
peiii'e<l  both  in  the  early  and  in  the  later  stages  of  the  disease, 
being  temporary  in  character  and  occasionally  a(Tompanied  by 
epileptiform  convidsituis.  It  seems  likely,  however,  that  such 
attacks  of  hemiplegia,  unless  ileveloping  as  a  sjniptora  of  general 
paresis,  are  wholly  independent  of  the  disease. 

The  general  nutrition  of  tlie  patient  with  tabes  usually  suffers  in 
the  course  of  the  case  from  time  to  time.  In  the  early  stage  a  rapid 
loss  of  weight  with  amemia  is  not  at  all  unconnnon,  and,  as  a  rule, 
all  the  syniptoms  of  the  disease  are  exaggerated  tluring  tliis  jieriod 
of  temporary  malnutrition.  If,  by  artificial  means— good  food, 
a'^sistants  to  digestion,  tonics,  change  of  climate,  liaths— this  failing 
nutrition  be  arrestx^d  ami  the  patient  begin  to  gain  in  weight  and 
strength,  the  symptoms  of  the  diseiise  will  gradually  sul>side,  and 
thus  it  ia  evident  that  the  general  condition  of  the  pati(*nt  has  a 


SYMPTOMS  OF  LOCOMOTOR  ATAXIA.  313 

great  deal  to  do  with  the  degree  of  suffering  that  he  undergoes  during 
the  course  of  locomotor  ataxia.  Hence  the  very  great  importance 
of  supervising  the  care  of  the  general  health  in  tabetic  patients, 
and  whenever  a  severe  onset  of  symptoms,  either  an  exaggeration 
of  pain  or  rapid  development  of  ataxia,  ensues,  every  means  should 
be  used  to  increase  the  general  nutrition. 

Mental  Symptoms.  In  a  certain  number  of  cases  of  locomotor 
ataxia  sudden  attacks  of  insanity  have  been  recorded.  These  usually 
take  the  form  of  acute  maniacal  excitement  or  of  the  less  alarm- 
ing condition  of  delusions  of  grandeur  in  the  form  of  delusions  of 
recovery  from  the  disease,  of  unusual  conditions  of  health,  of  unusual 
mental  capacity,  or  of  unusual  wealth.  Such  insane  states  may  last 
for  several  weeks  and  then  gradually  subside,  leaving  the  patient  in 
a  perfectly  normal  state  of  mind  with  a  fair  recollection  of  what  has 
occurred.  I  have  watched  one  such  case  in  which  all  the  symptoms 
suggested  paresis,  but  in  which  their  disappearance  in  the  course  of 
three  months  and  their  failure  to  return  during  the  subsequent  six 
years  convinced  me  that  the  condition  was  not  paresis.  This  is  a 
very  rare  complication,  and  must  undoubtedly  be  ascribed  to  some 
intercurrent  affection,  either  of  a  toxic  character  or  a  primary  neu- 
rosis developing  in  the  course  of  tabes.  In  a  second  group  of  cases 
it  is  the  first  sign  of  a  beginning  general  paresis,  which  may  go  on 
through  its  typical  stages  and  lead  to  dementia  and  paralysis.  I 
have  seen  this  many  times.  There  is  undoubtedly  a  close  connection 
between  tabes  and  general  paresis,  for  not  only  may  tabetics  develop 
general  paresis,  but  many  paretics  develop  symptoms  of  tabes. 
Hence  the  development  of  mental  complications  should  give  rise 
to  the  suspicion  that  the  tabetic  patient  is  about  to  develop  general 
paresis. 

The  third  condition  under  which  mental  complications  may  arise 
is  a  condition  of  widespread  syphilitic  endarteritis  of  the  cortex,  and, 
inasmuch  as  syphilis  is  such  a  common  cause  of  tabes,  this  patho- 
logical condition  is  to  be  expected.  Such  a  syphilis  of  the  brain  may 
produce  all  the  symptoms  of  paresis,  but  may  yield  to  antisyphilitic 
treatment,  with  the  result  that  the  symptoms  will  gradually  disap- 
pear, leading  possibly  to  some  disturbances  of  memory  or  some  lack 
of  power  of  self-control.  It  is  evident,  therefore,  that  the  occurrence 
of  mental  symptoms  in  the  course  of  tabes  may  be  due  to  several 
different  causes. 

Rare  Symptoms.  A  few  symptoms  remain  to  be  noticed  which 
have  been  recorded  as  developing  occasionally  in  the  course  of  tabes. 
They  are  certainly  extremely  rare. 

The  oculomotor  palsies  occasionally  recur  or  become  permanent 
from  the  outset  and  go  on  to  develop  all  the  symptoms  of  ophthal- 
moplegia externa  and  interna.  Under  these  circumstances  the 
strabismus  and  double  vision  become  permanent,  and  ptosis  is  added. 
Very  often  an  increase  of  the  difficulty  of  walking  is  a  result  of 
the  double  vision.    Some  form  of  ocular  palsy  was  present  at  some 
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period  in  uiie  quarter  of  niy  cases.  It  was  |Ternmnent  in  but  5 
per  cent, 

Hf'niiatrn|>hy  of  the  tongue  ha-?  l>een  recorded  as  occasionally 
developing  in  the  course  of  tabes. 

Bulbar  palsy  with  all  its  distressing  synipton)s  has  been  recorded 
as  develojiing  occasionally  in  tal>etic  jnitients  and  being  the  active 
cause  of  death. 

Symptonis  of  exophthidrnic  goitre  have  l>een  known  to  develop  in 
tabetic  patients,  ami  usually  have  a  worse  prognosis  than  in  the 
ordinary  types  of  the  diseiise,  the  exophthahnos  being  extreme, 
the  goitre  large,  the  tachycardia  constant,  and  the  nervous  tremor 
of  the  head  and  Ijody  and  increased  sweating  being  very  distressing 
to  the  patient. 

The  hiryngeal  crises  occasionally  leave*  a  condition  of  jiermaneiit 
adductor  palsy  of  the  larynx  wliich  results  in  difficulty  of  n^spiration 
that  may  make  tracheotomy  necessary. 

Muscular  atrophieji  witii  paralysis  may  develop  in  almost  any 
muscle  of  the  body. 

In  a  few  cases  a  sudden  rupture  of  the  tf^ndon  Achilles  has  l>een 
observed,  visually  occurring  idler  extraordinary  efftirts  of  the  ataxic 
patient  to  preserve  the  tjalance. 

Paralysis  agitans  has  been  known  to  develop  in  the  coiu'se  of  tal>es. 

Many  authors  have  pointed  out  the  fref[uency  of  aortic  insuffi- 
ciency with  stenosis  and  general  arterial  disease  in  talietics.  In 
one  hundred  and  twenty-six  cases  I  found  an  aortic  munnur  in  nine. 
This  is  probably  owing  to  the  fact  that  syphilis  is  the  conmion  cause 
in  both  affections.  It  is  hardly  to  be  thought  that  there  is  any 
necessar)^  comiection  betw^een  the  diseases  of  the  bloodvessels  and 
locomotor  ataxia. 

Many  sytnptoms  of  neurai^thenia  and  of  hysteria  may  drveloj)  in 
tabetic  patients,  but  these  are  to  be  a^scribed  rather  to  the  mental 
distress  of  long  suffering  than  t<j  any  direct  effect  of  the  lesion  in 
the  spinal  corcL  Occasionally  dialjetes  develops  in  the  course  of 
tabes.     This  again  must  l>e  considered  an  accidental  occurrence. 

Stage  of  Paralysis,  The  stage  of  j)aralysis  is  spoken  of  as  the  third 
stage  of  tabes,  but  tliere  is  no  hard-and-fast  line  between  the  second 
and  third  stages.  When  ataxia  becomes  so  extrenie  as  to  conHne 
the  jiaticnt  to  his  ctiair  or  (»ouch  Ih^  may  be  said  to  have  entered  upon 
tlie  stage  ol  paralysis.  In  this  stage  tin*  sympttans  hitherto  de- 
scribed are  exaggerated  in  intensity,  and  the  ilanger  of  a  fatal  ter- 
mination from  complications  l»ecomes  greater  than  in  the  second 
stage,  Aii  time  goes  on  various  more  unusual  synxf^toms  of  the 
disease  are  actively  deveIoi»ed  and  tlie  patient  in  tla*  stage  uf  jiar- 
al3rsis  presents  very  numerous  and  diverse  symptoms.  The  clnef 
danger  of  death  is  from  a  comjVhcating  cystitis  or  pyelonejjhritis ;  from 
extreme  exhaustion  owing  to  a  sudden  crisis  of  some  character:  from 
general  exhaustitju  due  to  malnutrition:  from  bullmr  paralysis,  or 
from  some  intercurrent  disease.     As  a  matter  of  fact,  very  few 
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patients  cUe  of  locomotor  ataxia,  though  cases  have  been  recorded 
in  which  heart  failure  has  developed  and  carried  the  patient  away 
after  a  long  period  of  tachycardia.  The  vast  majority  of  patients, 
however,  die  of  some  intercurrent  disease.  And  for  this  reason 
many  patients  do  not  reach  the  stage  of  paralysis,  but  die  while  in 
the  stage  of  ataxia. 

Course.  The  course  of  the  disease  in  locomotor  ataxia  is  by  no 
means  a  constant  one.  While  the  majority  of  patients  develop  the 
first  stage  of  pain  and  go  on  slowly  after  three  or  four  years  to  the 
stage  of  ataxia,  and  remain  in  that  stage  with  gradually  increasing 
symptoms  for  fifteen  or  twenty  years,  then  becoming  paralyzed,  this 
typical  course  is  not  conformed  to  in  all  cases.  A  typical  history 
of  this  kind  was  obtained  in  but  eighty-seven  out  of  one  hundred 
and  twenty-six  private  cases. 

Occasionally,  after  a  short  stage  of  pain  or  \vithout  any  preced- 
ing stage  of  pain,  the  symptoms  of  ataxia  develop  very  rapidly,  the 
patient  showing  extreme  inco-ordination  of  gait  within  three  or  four 
months  of  the  onset  of  the  disease.  This  was  the  history  in  four  of 
my  patients,  and  ataxia  developed  so  rapidly  as  to  be  classed  as  of 
acute  onset  in  six  other  patients.  It  developed  very  early  in  the 
disease  in  fourteen  other  cases.  Hence  the  early  appearance  of 
ataxia  may  be  taken  as  typical  in  about  20  per  cent,  of  the  cases. 
The  same  condition  of  acut^  ataxia  may  be  due  to  an  acute  dissem- 
inated myelitis,  in  which  case  the  further  progress  of  the  disease  will 
fail  to  reveal  the  t>T)ical  symptoms  of  tabes.  Acute  ataxia  is  a 
symptom  in  nmltiple  neuritis,  but  the  history  of  the  causation  and 
the  analysis  of  other  symptoms,  together  with  the  progressive  course 
to  recovery  in  these  cases,  will  leave  no  doubt  about  the  diagnosis. 

There  is  a  type  of  case  in  which  blindness  from  optic  atrophy 
develops  early.  The  patient  shows  no  other  signs  of  the  disease  for 
several  years,  then  loses  his  knee-jerk,  develops  slight  lightning 
pains  and  some  uncertainty  of  movement,  but  remains  for  many 
years  capable  of  going  about,  and  does  not  suffer  from  extreme  ataxia 
until  years  have  elapsed  since  the  occurrence  of  the  blindness.  This 
history  was  obtained  in  nine  cases. 

In  another  class  of  patients  gastric  crises  develop  as  an  early 
symptom,  but  are  found  to  be  associated  with  Argyll-Robertson  pupil 
and  loss  of  knee-jerk,  and  then,  after  several  years  of  paroxysmal 
attacks  of  vomiting  and  pain,  the  other  symptoms  of  locomotor  ataxia 
— pains,  ocular  palsies,  and  ataxia — gradually  develop.  This  history 
was  obtained  in  six  cases. 

In  other  causes,  still,  the  occurrence  of  oculomotor  palsies  associated 
with  optic  atrophy,  rapid  pulse,  laryngeal  crises,  deafness,  and  bulbar 
symptoms  make  it  evident  that  almost  all  the  cranial  nerves  are 
complicated  \nthout  much  affection  of  the  spinal  cord.  It  is  true 
that  in  these  cases  the  Romberg  symptom  may  bo  present  and  a  loss 
of  knee-jerk  may  develop;  but  the  ordinary  pains  and  ataxia  may 
not  appear  for  many  years  after  the  cranial  nerve  palsies  have 
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rendered  the  patient  a  chronic  invalid.  Thi^  history  was  obtained 
in  five  cases, 

A  few  cases  have  been  descrilied  of  f^u-Ciilled  ** cervical  tabes'^  in 
which  the  syraptoins  of  pain,  niinibness,  and  ataxia  have  gradually 
developed  in  hands  and  amis,  a.sso<aated  with  Arg\^I!-Robert.^on 
pnpil  and  very  often  with  gastric  crises,  but  in  which  the  |»atients 
have  remained  for  many  years  ]>erfectly  capable  of  walking  aljoiit, 
without  any  pains  in  the  legs  and  without  any  loss  of  knee-jerk. 
But  one  of  my  casey  showed  this  mode  of  onset  and  course. 

In  other  cases,  still,  the  sudden  occurrence  of  hemiplegia,  of  epi- 
leptiform convulsions,  or  of  psychical  ilisturbance  of  a  temporar}' 
character  havf^  ])receded  the  ordinary  development  of  locomotor 
ataxia  liy  one  or  two  years,  The.'^e  syn)|>tonAs,  howe'ver,  should  ntjt 
b€  considered  as  bt^longing  to  the  disease  locomotor  ataxia  and 
should  not  be  considered  as  i>rodromata  of  tabes. 

The  fin*ther  course  of  the  case  after  the  development  of  any  one 
of  ttiese  na-thods  of  on.^et  is  usually  a  slow  tme  in  lf»comotor  jitaxia, 
I  am  convinced  that  the  disease*  may  come  to  a  spontaneous  stand- 
still at  alnajst  any  stage.  Thus  1  have  under  oiy  observation  a 
gentleman,  aged  sixty-five  years^  who  for  thirty-five  year's  hiis  had 
slight  ataxic  pains,  slight  ataxia  in  walking,  winch  requires  him  to 
use  a  cane,  but  dot's  not  jirevent  his  going  about  at  night  without 
it^  slight  disturbances  in  the  function  of  the  bladder,  and  all  three 
physical  signs  of  the  disease.  The  case  is  clearly  not  a  syphilitic  one 
and  has  made  nu  progress  whatever  during  the  jiast  thirty-five  years^ 
during  which  tina*  liis  life  has  been  one  of  eminent  usefulness.  I 
have  known  otlier  cases  where  the  stage  of  jjain  has  been  known  to 
last  for  twenty  years  without  the  development  of  any  ataxia,  all  the 
physical  signs  of  the  disease  being  (iresent  an(1  the  patient  expecting 
all  the  time  to  be  incapacitated.  I  have  known  a  condition  of  locomotor 
ataxia  to  advance  rajjidly  and  i>y  the  end  nf  four  years  to  have  reached 
such  a  state  as  to  render  the  patient  incapable  of  walking  without 
the  assistance  of  two  men,  tlie  ataxia  of  the  legs  i>eiug  extreme.  The 
progress  then  came  to  a  spontaneous  standstill:  the  patient  has 
never  had  a  single  symptom  ab*n"e  tlie  level  of  tlie  uml)ilicus.  his 
ataxia  has  varied  very  much  in  iiitensity :  at  tina-s  he  will  be  confined 
to  his  bed;  at  times  he  will  be  able  to  walk  with  the  aid  of  one  cane. 
He  is  subject  about  twice  a  year  to  sudden  severe  attacks  of  pain 
that  arc  most  agonizing  and  usually  last  from  two  to  three  weeks, 
ilurbjg  which  time  it  is  necessary  for  him  U)  take  from  ten  to  fifteen 
grains  of  morphine  daily,  but  th(»se  subside  as  suddenly  as  they  have 
come,  antl,  though  leaving  him  weak  for  a  thne,  do  not  distre^  him 
in  the  interval.  This  has  fieen  his  history  for  fifteen  years,  and  he 
ha«  ne\'er  during  this  time  required  the  use  of  a  catheter  or  had  any 
gastric  or  intestinal  tlisturbant'c.  I  have  known  the  stage  of  ataxia 
to  be  arrested  after  a  very  sliglit  inco-(*rrhnatiori  has  devclojHMJ  and 
the  patient  to  remain  but  slightly  ataxic,  with  few  other  signs  of 
the  disease,  for  twelve  vears.     Under  these  circumstances  it  is  neces- 


BIAfJNOSIS  OF  LOCOMOTOR  ATAXIA, 


317 


~.miy  to  \w  very  giiiirdod  in  giving  a  prognosis  with  regurd  to  the 
Ctflli^e  of  a  ca??e  of  loenrnotor  ataxia.  Such  patirnts  are  nuirh  more 
happy  when  occupied  with  their  ordinary  vocations  and  hving  as 
nearly  a  normal  life  a^s  po88ible.  Therefore,  if  there  is  no  tendency  to 
progression  in  the  cii.se,  it  is  far  better  to  discorn-age  a  life  of  iiival- 
i^lism  with  constant  treatment  and  constant  seeking  for  a  favorable 
chmate  and  for  a  new  cure.  It  is  preferable  in  give  these  [latients 
a  favorable  |jrf»gno.sis,  making  them  understand  that  they  have  lost 
certain  nerve  functions  which  cannot  be  regained,  because  of  a  de- 
struction of  nervous  tissue,  but  that  there  is  every  hope  that  further 
tlest ruction  can  be  averted  by  a  fair  amount  of  care. 

Diagnosis,  The  diagnosis  of  loconu^tor  ataxia  does  not  often  pre- 
sent any  difficulties  if  the  history  of  the  ease  is  carefully  stutlieil  with 
a  knowledge  of  all  the  varituLs  njethods  of  onset  that  may  occur. 
The  absolute  diagnosis  rests  rather  upon  the  presence  of  certain 
physical  signs  than  upon  tlie  existence  of  subjective  symptfims. 
These  are  the  absence  of  contraction  of  the  pupil  to  light,  the  loss 
of  knee-jerk,  and  the  swaying  when  the  eyes  are  closed  and  feet  are 
approximated.  When  any  one  of  these  symptoms  is  present,  com- 
bined with  lightning  pains,  with  the  undue  fatigue  after  exertion, 
with  pnirtpsthesite,  or  with  ataxia,  there  should  be  no  doubt  about 
the  diagnosis.  But  there  are  certain  diseases  which  may  be  mistaken 
for  locomotor  ataxia,  and  hence  a  differential  diagnosis  must  be  care- 
fully considered.  MuUiple  neuritis  following  alcoholism,  or  poison- 
ing by  arsenic,  or  developing  subse<|uently  to  <li|>htheria  or  other 
infectious  diseases,  or  developing  without  known  cause  may  produce 
pains,  ataxia,  anil  a  loss  of  knee-jerk,  and  para'sthesia:  in  the  limbs. 
But  in  the  majority  of  these  cases  the  onset  of  the  symptoms  and 
the  development  of  the  ataxia  are  far  more  rapid  than  in  tabes,  all 
the  symptoms  developing  within  three  to  six  weeks,  and  the  patient 
from  being  a  person  in  fairly  good  health  is  early  reduced  to  a  stage  of 
extreme  ataxia.  The  history  of  sucli  cases  will  usually  enable  a  diag- 
nosis to  l>e  reached.  An  (examination  of  such  patients  demonstrates 
that  there  is  no  Arg>"l!-Rol>ertson  pupil,  even  when  there  is  a  loss  of 
knee-jerk,  and  that  the  sympt(>ms  are  as  widespread  in  the  ui>peF  as 
in  the  lower  extreniities,  though  in  tabes  the  hands  are  commonly 
not  involved  until  the  patient  has  been  ataxic  in  the  legs  for  several 
years.  In  peripheral  neuritis  the  bladder  and  rectum  are  rarely,  if 
ever,  affected,  while  rlisturbance  of  their  mechanism  is  an  early  sign 
in  locomotor  ataxia.  In  pieripheral  neuritis  the  distribution  of  the 
antpsthesia,  when  present,  is  in  the  stocking-shaped  and  glove-shaped 
areas  of  the  skin,  whereas,  as  already  stated,  in  ataxia  the  distribu- 
tion of  the  ana-sthesia  ct^tr responds  to  the  posterior  nerve  r<jot  or 
segment  regions  of  the  skin,  and  is  particularh^  frequent  upon  the 
trunk  in  the  form  of  a  band,  a  condition  never  found  in  multiple 
neuritis.  These  points  are  usually  sufficient  to  establish  a  differential 
diagnosis  between  these  two  affections,  and  yet  I  am  constantly 
seeing  cases  in  wtuch  there  is  some  difficulty  in  distinguishing  clearly 
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between  these  diseat^es»  which  a  careful  .study  nf  the  history  always  re- 
niovej^.  Iriiisururh  as  tabes  h  m\  incuralyle  affection,  while  peri[ilieral 
neuriti>:  almost  invariably  recovers,  the  importance  of  the  ihagnosis^ 
ai>  far  as  prognosis  is  eoneerneil,  eumiot  be  too  closely  insisted  upon. 

Tlie  diagnosis  of  locomotor  ataxia  from  general  parens  w^ould  seem 
to  be  very  c^asy  in  the  majority  of  ciu^v'^,  iniisujuch  liS  one  is  a  lirain 
and  one  a  sjjinal-c<»rd  afftTtinih  Rut  tliere  are  a  few  cases  of  general 
paresis  which  present  tlie  typical  synifjloms  of  t!ie  first  stage  of  loco- 
motor ataxia — lightjiing  paitus,  great  fatigue  in  the  liinbs»  a  loss  of 
knee-jerk,  and  slight  ataxia — antl  which  also  |>resent  the  Argyll- 
Robertson  pnjiiL  These  symptoms  ilevel(>p  simultaneously  with  or 
soon  after  the  iiiental  irritability,  the  loss  of  memory,  the  lack  of 
power  of  concentration,  and  the  visionary  and  exalted  ideas  which 
are  charaeteristie  of  this  diseitse.  Not  infrequently  patients  show 
some  dislm^ljaiiee  of  speech,  tremulousness  of  the  face,  and  tingling 
aral  tremor  of  thf*  hands.  It  is  in  these  cases  that  sudden  transient 
attacks  of  hemiplegia  are  to  be  expected.  In  such  cases  the  symp- 
toms of  tabes  do  not  progress  beyond  the  slight  degree  of  ataxia  and 
pain;  do  not,  as  a  rule,  play  a  very  important  role.  It  is  therefore 
evident  that  one  sliouUI  be  on  the  watch  for  tlie  development  of 
mental  symptoms  in  any  etuse  of  tabes,  and  wlien  they  occur  the 
(liiignosis  of  a  general  oervtjus  affection  in  wliich  both  ]H)sterior 
cohinins  of  the  cord  and  cortical  lesions  of  the  brain  are  present  may 
hK'  made.  Here,  again,  the  jjrogncjsis  is  im|Kirtant,  as  iiaresis  is  a 
disease  which  reaches  the  fatal  cikI  within  three  years,  while  tab*^ 
may  remain  for  twenty  years  as  a  chronic  affection. 

The  rliffrrential  diagnosis  Ijetween  tal>es  and  ataxic  paraphujiti  is 
made  by  the  existence  in  that  cbsea,se  of  the  symptom  of  spastic 
jKU^aiysis,  stiffiit*ss  and  rigidity  of  the  limbs,  aiicl  an  iiiereased  knee- 
jerk.  Tlie  develo])ment  of  these  additional  symi*toms  will  be  suffi- 
cient to  make  it  clear  that  a  lateral  sclerosis  as  well  as  a  posterior 
sclerosis  is  present.  Many  cases  of  ataxic  paraplegia  tleveloj)  the 
spiistic  syn)|>tonis  with  the  ataxia,  but  the  jmtients  do  not  suffer 
from  liglitoing  pains.  Both  diseases  are  progressive  and  equally 
unfavorable  in  jirognosis. 

The  diagnosis  between  locomotor  ataxia  and  disease  of  the  cere- 
hdlum  may  occasionally  cause  some  difficulty,  inasmuch  ai«  ataxia 
occurs  in  cereliellar  affections.  Hut  eere!>ellar  ataxia  is  wliolly  a 
static  ataxia—/,  c,  an  ataxia  of  walking  and  of  balancing  in  the 
upright  position — and  when  the  patient  is  lying  down  with  the  trunk 
and  head  supported  there  is  no  ataxia  of  the  hands  and  feet.  The 
staggering  gait  of  cerebellar  disease  is  much  more  irregular  than 
the  gait  of  loctmiotor  ataxia,  and  it  is  not  uncommon  in  cerebellar 
affeetioiLs  to  find  a  tendency  to  stagger  toward  one  side.  The  stamp- 
ing gait  with  throwing  of  the  feet  high  is  not  present  in  cen*bellar 
disease.  In  many  ca«e»  of  cerebellar  ilisease  the  knee-jerks  are  ab- 
sent, liut  the  pupil  n*act.s  to  light,  tliere  are  no  lightning  pains  or 
numbness,  and    rarelv  any  bladder  disturbances. 
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The  differential  diagnosis  of  tabes  from  disseminated  sclerosis  may 
be  made  from  the  absence  of  pain  in  that  disease,  from  the  usual 
exaggeration  of  knee-jerk,  from  the  prompt  action  of  the  pupils,  from 
the  presence  of  intentional  tremor,  and  from  the  presence  of  nystag- 
mus. The  very  many  other  symptoms  of  tabes  mentioned  fail  to 
appear  in  the  course  of  multiple  sclerosis. 

In  many  cases  of  neurasthenia,  especially  among  physicians,  the 
supposed  absence  of  knee-jerk  is  liable  to  give  rise  to  a  fear  of  the 
existence  of  locomotor  ataxia,  and  then  the  easy  fatigue  upon  effort, 
together  with  the  occurrence  of  occasional  neuralgic  pains  and  pos- 
sibly slight  irritability  of  the  bladder,  due  to  the  presence  of  uric 
acid  or  due  to  the  secretion  of  large  amounts  of  hysterical  urine,  may 
lead  the  patient  to  suppose  that  the  more  serious  disease  is  imminent. 
I  have  even  seen  an  uncertainty  of  gait,  swaying  when  the  eyes  are 
closed,  and  a  complaint  of  a  girdle  sensation  in  such  patients.  But  a 
careful  examination  will  always  demonstrate  the  contraction  of  the 
pupil  to  light;  the  knee-jerks  will  usually  be  elicited  by  the  Jen- 
drassik  method  or  by  tapping  the  tendon  sharply  when  the  patient 
is  not  expecting  this  examination,  and  the  very  slight  intensity  of 
the  symptoms  and  the  lack  of  development  of  any  of  the  various 
serious  symptoms  of  ataxia,  such  as  gastric  crises  or  true  anaesthesia 
to  pain,  will  enable  a  diagnosis  to  be  reached. 

Differential  diagnosis  between  syphilis  of  the  spinal  cord  or  sub- 
acute syphilitic  meningitis  and  locomotor  ataxia  is  extremely  diffi- 
cult in  some  cases,  for  a  syphilitic  meningitis  will  cause  lightning 
pains,  partesthesi^e,  or  even  ataxia,  and  not  infrequently  in  this 
affection  there  is  a  diminution  or  loss  of  knee-jerk;  but  the  history 
of  the  case,  as  a  rule,  will  give  a  clue  to  the  diagnosis,  for  syphilitic 
meningitis  comes  on  more  rapidly  than  locomotor  ataxia.  Its  symp- 
toms are  not  as  symmetrical  as  those  in  tabes;  it  is  more  likely  to 
be  attended  by  pain  in  the  back  and  by  hypenpsthesia  of  the  trunk. 
The  knee-jerk  is  rarely  lost,  even  though  diminished,  and  may  usually 
be  elicited  by  reinforcement.  There  is  no  loss  of  the  pupil  reflex  to 
light.  The  pain  in  the  back  is  worse  at  night,  and  bladder  and  rectal 
symptoms  are  usually  absent. 

Treatment.  There  are  two  facts  to  be  noticed  before  entering 
upon  a  consideration  of  the  tl-eatment  of  locomotor  ataxia: 

1.  The  disease  from  its  very  beginning  depends  upon  certain 
changes  in  the  neurones  of  the  spinal  ganglia  w^hich  are  permanent 
in  character,  and  hence  complete  recovery  in  any  stage  is  impossible. 
All  that  therapeutic  measures  can  hope  to  accomplish  is  to  arrest  the 
progress  of  the  changes  at  the  point  reached,  so  that  further  symp- 
tonLs  may  not  develop,  and  this,  in  the  majority  of  cases,  is  impos- 
sible with  our  present  knowledge. 

2.  The  natural  history  of  the  disease  is  one  of  very  slow 
})rogress,  with  periods  of  decided  remission  in  some  symptoms  and 
of  spontaneous  disappearance  of  other  symptoms,  and  also  with  long 
periods  during  which  the  patient  remains  in  a  stationary  condition. 
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Therapeutic*  measures  rnay  result  in  i>n)tluciiig  an  arrest  of  the  dLsea^e 
or  in  eaiLsiiig  a  reniksitm  of  certain  s^iii^itoms,  yet  the  history  of  the 
use  of  numerous  remetlies  formerly  emj^loyed  but  now  (hseariied, 
i?houM  teach  iis  that  it  is  often  a  mistake  to  ascribe  results  which 
may  be  natural  to  means  which  ha\'e  Ijoen  emj^ioyetl.  It  is  never 
to  be  forgot t^^n  that  the  desire  for  relief  and  the  expectation  that  it 
is  to  follow  the  use  of  a  remedy  are  ptjtent  factors  in  producing  tem- 
porary results.  When,  therefore,  remarkal)le  results  are  claimed  for 
any  new  remedy  in  the  treatment  of  locomotor  ataxia — as,  for 
example,  electrical  applications,  nerve  stretching,  and  suspension 
and  the  use  of  the  animal  extracts--the  \\ise  jihysician  will  show  a 
becoming  skefiticism,  even  when  making  use  of  every  means  which 
may  give  the  patient  relief,  and  will  wait  for  time  to  prove  what  is 
of  actual  ser\dce. 

Climate.  Patients  suffering  from  locomotor  ataxia  are  usually  very 
susceptible  to  changes  in  the  l>arometer  anrl  in  the  humidity  of  tlie 
atnvosi>ti(uu\  They  are  more  comfortable  in  a  warm,  dry  climate, 
and  any  sudden  change  to  cold  or  to  wet  weather  produces  an  iiicrease 
in  their  j)ain  and  inco-ordination.  They  also  apjiear  to  suffer  more 
in  liigh  altitudes.  Therefore,  it  is  well  for  those  who  can  afford  it 
to  seek  to  mitigate  their  sufferings  by  residing  in  the  South  during 
the  winter  and  in  th(*  North  <iuring  the  summer.  The  climate  of 
Southern  California  is  perhajts  the  most  ecjuable  during  the  %\inter 
months,  and  is  certainly  less  cold  and  damp  than  that  of  Florida  or 
of  the  Riviera,  although  these  latter  are  preferable  to  a  northern 
climate.  The  increased  susceptibility  to  cold  makes  it  necessary  for 
tlie  comfort  of  the  i>atient  to  keep  the  temperature  of  liis  house 
during  the  winter  at  about  70°  F.  and  to  protwt  him  from  draughts. 
Yet  it  is  rarely,  if  ever  advisable  for  him  to  abandon  such  an  amount 
of  outof-door  life  a«s  is  most  conducive  to  health  ami  vigor. 

Diet.  It  cannot  be  claimed  that  any  particular  form  of  diet  is 
advisable  in  this  disease.  It  is  not  to  lie  forgotten,  however,  that  it 
is  of  great  importance  to  keep  the  patient  in  a  good  general  contUtion 
and  to  increajse,  if  possible,  the  nutrition  of  the  Ijody,  thereby  retard- 
ing the  disintegration  of  nerve  elements.  Any  system  of  diet  which, 
by  excluiling  certain  classes  of  foods,  tends  to  (k-range  tlie  processes 
of  tligestion  and  nutritirm  should  be  avoided.  1  have  seen  patients 
much  harmed  by  following  rigid  methods  of  diet,  such  as  a  strictly 
non-nitn>geu(ius  diet,  or  a  diet  (\i  meat,  bread,  and  hot  water,  or  a 
vegetarian  diet,  and,  therefore,  I  beli(»ve  that  a  g<  nerous  diet,  includ- 
ing all  ftnTus  of  fooil,  with  a  slight  excess  of  fat  in  tlie  form  of  cream 
or  cod-liver  oil,  is  to  Ih*  recoitmieniled.  A  rather  free  supply  of  water 
is  conducive  to  the  elimination  of  waste  jmnlncts,  and  the  use  of 
coffee,  tea,  and  l)eer  or  light  wines  in  moderation  need  not  be  for- 
bidden, though  any  indulgence  in  spirits  is  to  lie  avoided.  Tobacco 
may  also  Ix*  allriwed. 

Exercise.  From  the  earliest  stage  of  the  disease  the  patients  com- 
plain that  any  effort,  especially  that  of  walking  far  or  standing  for 
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,  a  long  time,  produces  an  unusual  sense  of  fatigue.  It  seems  reason- 
able, therefore,  to  limit  from  the  outset  the  amount  of  exercise  taken, 
and,  without  confining  the  patient  to  the  house  or  to  his  chair,  it  is 
well  to  caution  him  against  any  form  of  exertion  which  is  sufficient 
to  produce  discomfort.  Later  in  the  course  of  the  disease,  when  any 
movement  is  attended  with  difficulty,  it  may  be  necessary  to  urge 
upon  the  patient  the  dangers  of  taking  to  his  couch  or  bed,  and  even 
in  the  stage  of  helplessness  it  is  far  better  for  him  to  sit  up  during  the 
greater  part  of  the  day,  as  there  is  no  question  that  the  venous 
congestion  of  the  spine  produced  by  constant  lying  on  the  back  is 
productive  of  an  increase  of  pain  in  this  disease. 

Massage.  During  the  early  stage  and  during  the  last  stage  massage 
may  be  of  service.  In  the  early  stage  deep  massage  to  the  muscles 
of  the  back  promotes  the  flow  of  venous  blood  through  the  spinal 
vessels  and  their  anastomotic  branches,  and  is  the  best  means  of 
relieving  the  congestion  which  is  supposed  to  exist.  Given  at  night, 
it  often  prevents  the  onset  of  paroxysms  of  pain,  and  secures  sleep, 
especially  if  the  patient  can  be  taught  to  lie  on  his  belly  and  not  on 
his  back.  In  the  last  stage,  when  almost  all  voluntary  motion  is 
impossible,  general  massage,  by  promoting  venous  return,  gives  much 
comfort  and  aids  nutrition.  In  the  long  stationary  stage  of  ataxia, 
when  pains  are  not  severe  and  when  sufficient  exercise  can  be  taken 
to  keep  up  a  fair  circulation,  massage  is  not  needed.  In  some  cases 
the  tenderness  of  the  skin  prevents  its  use  at  all  times. 

Baths.  Almost  every  form  of  hydrotherapy  has  had  its  advocates, 
and  it  must  be  admitted  that  there  is  no  method  of  treatment  more 
serviceable  in  chronic  spinal  aflfections  than  the  use  of  baths.  To 
obtain  the  best  results  the  patient  must  be  sent  to  some  mineral  bath 
in  the  country  where  the  combined  influences  of  change  of  air,  scene, 
surroundings,  and  diet,  with  the  regime  of  a  water-cure  establish- 
ment properly  conducted,  can  be  secured.  In  the  summer  months 
a  cool  mountain  resort  is  to  be  selected.  In  the  \\inter  a  southern 
mild  climate  is  to  be  sought.  It  is  much  to  be  regretted  that  this 
country  offers  few  such  establishments  as  are  to  be  found  in  France 
and  Germany.  It  is  possible,  however,  to  find  in  many  regions  the 
proper  facilities  for  bathing,  and  well-arranged  establishments  are 
rapidly  multiplying  as  the  need  is  felt.  The  mineral  constituents  of 
the  water  are  of  much  less  importance  than  the  temperature  of  the 
bath,  and  when  the  latter  is  correctly  regulated  it  makes  little  dif- 
ference whether  the  spring  furnishes  sulphur  or  saline  or  iron  water. 

It  appears  to  be  quite  generally  admitted  by  those  who  have  had 
experience  with  the  use  of  baths  in  this  disease  that  tepid  and  warm 
baths  are  preferable  to  all  others.  Hot  baths — of  a  temperature 
exceeding  97°  F. — are  considered  injurious.  They  may  relieve  cer- 
tain symptoms  temporarily;  in  fact,  no  means  will  act  more  quickly 
than  a  hot  bath  for  the  relief  of  pain;  but  the  ultimate  effect  of  a 
succession  of  hot  baths  is  to  increase  the  rapidity  of  progivss  of  the 
disease  and  to  intensify  the  symptoms.     Cold  baths  at  a  temper- 
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alure  below  65°  Falir.  are  also  iiijurioiLs.  It  seems  i>robublR  that 
damp  cold  air  or  expo^m^e  to  wet  aiul  cold  are  factors  in  the  pro- 
duction of  locomotor  ataxia,  and  the  discomfort  resulting  from  a  cold 
bath  is  very  great  to  the  majority  of  patients.  When  baths  are  u^ed 
it  is  better  to  have  the  temperature  of  the  water  vary  between  75*' 
and  95°  F.,  as  witliin  these  limit:^  a  sufficient  alternation  of  heat  and 
cold  can  be  secured. 

There  are  many  methods  of  ysino:  water  in  batlis,  8pinal  douches 
may  be  ^iveo  by  directing  a  streanj  of  water  of  some  force  from  a 
spout  against  the  entire  length  of  the  spine,  the  temperature  of  the 
W'ater  being  varied  during  the  douche  from  90°  F.  down  to  75°  F., 
or  else  being  kept  constantly  at  85*^  F.  Tliis  may  be  used  for  ten 
seconds  daily.  Or  the  patient  may  iiave  the  spine  sponged  with 
w^ater  while  he  sits  on  tlie  edge  of  a  tub  or  in  a  sitz  bath.  The  sudden 
alternation  from  heat  to  cold — 90°  to  75**  F. — in  such  sponging  may 
be  employed  at  tlie  end  of  the  bath.  Both  these  metliods  are  to  be 
followed  by  brisk  rubbing  ^ith  w^irm  towels.  A  full  liath  at  90**  F. 
for  twenty  minutes  is  a  methofl  fretjuently  em])Ioyed,  antl  when  a 
course  of  iocUde  of  jjotaasium  is  being  {.nirsued  this  is  to  be  used 
daily.  The  *'salt  rubs''  and  ^* alcohol  baths''  of  various  estai>lish- 
ments  are  not  objectionable,  pro\dded  the  temperature  of  the  water 
be  within  the  limits  prescribed. 

It  is  evident  that  all  thesr*  [jrocedures  act  upon  the  spinal  circu- 
lation, either  by  affecting  the  calibre  of  the  viiscular  system  in  gen- 
eral or  by  producing  such  peri|>heral  irritation  of  tlie  skin  a.s  to  cause 
reflex  vasomotor  effects.  In  either  ease  the  eirculation  in  the  cord 
is  stimulateil ;  congestion,  wliether  arterial  or  venous,  is  relieved,  and 
waste  products  removed,  with  the  result  of  increasing  the  nutrition. 
Such  measm-es  may  be  carried  on  at  home,  jjfovided  the  imtient*s 
means  do  not  admit  of  the  ex|}ense  of  a  residence  in  an  establishment. 

Baths  are  not  to  lie  contirnied  for  very  long  periods  consecutively. 
It  is  better  for  this  metliod  of  treatment  to  be  ased  thoroughly  twice 
or  three  times  a  year  for  a  [)erind  of  two  or  three  n]onths,  and  then 
stopped.  The  use  of  tepid  |>acks  to  the  extremities  or  Xu  ttie  abdo- 
men for  an  hour  or  more  for  the  relief  of  pain  is  highly  reeonmien<led. 
The  extremity  is  enveloped  in  flannel  wrung  out  in  warm  water  and 
covered  with  oiled  silk.  The  damp  heat  often  relieves  the  lancinating 
pains  promptly. 

Oounter-iirltation.  Gjunter-irritation  to  the  spine,  whether  by 
blisters,  cautery,  setons,  ice-bags,  poultices,  or  eujis,  has  been  gener- 
ally abandoned  as  a  meaiLs  of  cure.  In  some  cases  pain,  if  severe, 
may  l>e  relieved  by  the  application  of  an  ice-bag  to  tiie  spine  for  a 
short  tin^e  or  by  the  use  of  dry  cupping.  These,  however,  are  of 
but  temporary  sendee,  and  are  probably  not  without  a  harmful 
influence  upon  the  progress  of  the  lesion. 

A  mild  form  of  counter-irritation  to  j>ainfyl  parts  is  sometimes  of 
service  in  relieving  the  severe  pain.  The  jiart  may  be  stroked  with 
a  faradic  brush,  may  In*  lieated  by  a  mustard  poultice,  blistering 
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being  avoided,  or  may  be  stimulated  by  liniment,  the  surface  irrita- 
tion appearing  to  counteract  the  pain  of  central  origin.  In  all  local 
applications  in  locomotor  ataxia  it  should  be  remembered  that  great 
care  is  to  be  observed,  for  the  senses  of  pain  and  temperature  are 
often  impaired,  so  that  the  patient  is  unable  to  perceive  degrees  of 
heat  or  pain  which  are  harmful.  If  hot  foot  baths  are  used  the  feet 
should  not  be  blistered  unwittingly,  and  if  hot  bags  or  poultices  are 
applied  they  must  be  watched,  as  no  reliance  can  be  placed  on  the 
patient's  sensations. 

Electricity.  Electricity  is  an  agent  which  has  for  the  past  fifteen 
years  been  used  quite  generally  in  the  treatment  of  chronic  spinal 
diseases,  including  locomotor  ataxia.  A  galvanic  current  has  been 
recommended  by  Erb  and  others  as  the  only  form  of  electricity  which 
influences  the  progress  of  the  disease.  It  is  applied  to  the  back,  one 
pole  being  placed  upon  the  neck  or  between  the  shoulders,  the  other 
low  down  upon  the  lumbar  region.  The  upper  pole  is  sometimes 
placed  over  the  sympathetic  ganglia  in  the  side  of  the  neck,  though 
no  evidence  has  ever  been  furnished  of  any  direct  action  upon  the 
sympathetic  nerves,  and  if  this  method  is  used  it  is  wholly  empirical. 
A  current  of  medium  intensity  is  usually  preferred,  that  is,  a  current 
not  greater  than  twenty  milliampferes  in  strength,  the  electrodes 
employed  having  an  area  of  about  one  hundred  square  centimetres 
(three  by  five  inches).  The  direction  of  the  current,  whether  ascend- 
ing or  descending,  appears  to  be  a  matter  of  indifference.  The  dura- 
tion of  the  application  may  be  from  three  to  ten  minutes  daily  or 
every  other  day. 

Those  who  were  at  first  enthusiastic  regarding  the  effects  of  elec- 
tricity in  locomotor  ataxia  appear  to  be  gradually  modifying  their 
opinions,  and,  although  this  method  of  treatment  is  still  pursued  by 
some  specialists,  it  is  now  discarded  by  many  others.  It  is  a  matter 
of  much  doubt  whether  a  current  as  weak  as  that  mentioned  affects 
the  spinal  cord  at  all.  It  certainly  fails  to  produce  any  subjective 
peripheral  sensations,  which  is  the  test  of  its  reaching  and  affecting 
a  peripheral  nerve,  such  as  the  sciatic.  On  the  other  hand,  when 
much  stronger  currents  are  used  there  seems  to  be  some  danger  of 
unpleasant  results,  such  as  vertigo  and  a  sudden  increase  of  the 
symptoms  of  the  disease.  So  little  is  still  known  of  the  exact  effect 
of  galvanism  on  the  spine,  and  the  knowledge  of  its  action  elsewhere 
leads  so  directly  to  the  conclusion  that  it  cannot  have  any  effect 
upon  the  progress  of  a  sclerosis,  that  it  seems  incumbent  upon  those 
who  persist  in  this  treatment  either  to  bring  forward  some  positive 
results  or  to  clear  themselves  in  some  other  manner  of  a  suspicion 
of  great  credulity.  For  my  own  part,  I  agree  with  Gowers  and 
Mobius  that  as  a  therapeutic  agent  in  locomotor  ataxia  it  is  useless, 
either  as  a  direct  agent  affecting  the  progress  of  the  disease  or  as  a 
means  of  treating  individual  symptoms. 

Suspension.  A  recent  method  of  treatment  proposed  is  that  of 
suspending  the  patient  by  his  head  and  arms  for  half  a  minute  or 
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Xon^t^v  (iaily.  Tltis  is  done  by  ineaiii^  of  an  apparatus  used  by  ortho- 
pedic surgeons  for  saspeiidiiig  a  person  during  the  applicatii>n  of  a 
plaster  jacket.  The  only  care  necessary  is  so  to  adjust  the  supports 
as  to  make  less  traction  by  the  head  than  by  the  arms  and  to  pad 
the  supjiort  under  the  arms,  so  that  seri<^ys  eoiiipression  of  the  nerves 
and  vtMHs  of  the  axilla  shall  be  avoided L  The  patiejit  is  pulled  up 
slowly  until  tlie  feet  are  clear  of  tlie  floor.  On  any  expression  of 
discomfort  or  any  appearance  of  syncope  the  process  is  to  be  stopped 
at  once.  It  is  tlKiught  Ijest  to  begin  by  a  slnirt  seanee — one-lialf 
minute — and  gratlually  inerease  the  duration  to  three  or  evim  tour 
miimtes  tlaily  or  twice  daily. 

This  method  is  not  considered  curative,  but  lias  been  said  to  cause 
relief  of  many  symptoms,  cases  being  recf>rtled  in  which  pain  dimin- 
ished, bladder  and  rectal  control  was  re-c^stablished,  sexual  (»ower 
was  restoretl,  and  the  ataxia  so  much  relieved  tliat  walking  was  made 
more  easy.  It  has  been  said  that  a  return  of  the  knee-jerk  occurred 
during  the  treatment. 

During  tiie  first  year  in  whicli  t!ie  method  was  employed  re|>orts 
of  great  imf^rovement  in  many  eases  were  published.  Russell  and 
Taylor^  collected  two  hunt^lxed  and  fifty-five  cases  recorded  by  Con- 
tinental observers,  in  77  per  cent,  of  which  a  distinct  improvement 
wiLS  rioted,  in  30  fjer  cent,  no  improvement  occurred,  and  in  3  per 
cent,  tlie  patients  liecame  worse.  They  could  not  confirm  these 
results,  hriwever,  by  their  own  experience,  for  out  of  thirty-two  cases 
only  six  improved,  twenty-three  did  not  improve,  and  three  became 
worse. 

The  experience  of  Erl),  Bernhardt,  and  Dujardin-Reaumetz  serrns 
to  agree  with  that  of  Russell  and  Taylor.  My  own  experience 
in  about  twenty  cases  is  even  less  favorable,  tliere  being  but 
one  patient  out  of  the  twenty  who  at  the  end  of  two  years,  con- 
sidered it  worth  while  to  keep  this  treatment  \x\k  There  is  certainly 
no  objection,  however,  to  its  employment.  The  ajiparatus  is  not 
exix'usive;  it  can  l)e  put  up  in  any  htmse,  and  a  patient  can  soon 
learn  its  details  sufficiently  to  have  it  carried  on  at  home  by  a  servant 
or  member  of  his  family.  But  the  more  recent  reixjrts  on  all  siiles 
confirm  the  belief  that  suspension,  like  nerve  stretching  and  the 
actual  cautery,  is  not  df*stined  to  liecome  a  permanent  method  of 
treatnient  io  locomotor  ataxia.  It  is  p(»ssible  to  oljtain  tlie  same 
effect  by  a  firm,  gradual  flexion  of  the  body  upon  the  thighs,  the 
patient  being  bent  fnrwaril  while  l\ing.  This,  hke  suspension, 
occasionally  relieves  pain. 

Bf edicin&l  Treatment.  In  the  majority  %\\  cases  of  locomotor  ataxia 
syphilis  has  been  the  proliable  cause.  It  is  not  supposed  that  the 
(Usease  is  an  actual  manifestation  of  syphilis,  but  that  it  is  a  sequel 
of  it.  Wlienever  a  history  of  previous  infection  is  obtained,  or  when- 
ever its  existence  is  strongly  suspected,  it  is  justifial»le  to  make  a 
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trial  ui  fe^jjeciiic  treatment,  for  experience  \\i^b  proved  that  in  m  eoii- 
siileraiile  (lercentage  of  eases  this  has  been  of  benefit.  Mercury  is  to 
be  u^^ed  by  inunction,  one-half  dnichin  of  the  ointment  being  riiblK/d 
into  the  skin  daily  until  a  slight  physiological  effect  is  jiroduced.  It 
is  well  to  mix  the  otEcinal  blue  ointment  with  an  equal  part  of  simple 
cerate  or  lanolin,  as  al^sorption  is  then  more  complete.  The  inuiic- 
tion  may  lie  made  upon  tlie  back  or  upon  various  j)arts  of  the  liody 
anil  extremities,  a  new  part  being  chosen  daily.  It  is  better  absorbed 
if  the  part  selected  be  thoroughly  WiLshed  witli  \^  arm  water  and  soap 
and  then  with  aleoliol  or  ether  liefore  the  ai)i>!ication;  and  after  the 
application— which  should  be  thorough  and  therefore  should  take 
half  an  hour— a  tight  flannel  liandage  should  l>e  applied  over  the 
part  rublred:  thus  what  is  left  on  the  surface  is  gradually  al>sorbed. 
It  aiiis  materially  in  the  effect  if  the  patient  takes  a  warm  bath 
{95*^  F.)  daily  for  twenty  minut^^s.  The  production  of  salivation  is 
to  be  avoideiK  If  inunctions  cannot  be  employed  the  merem\v  may 
be  g\\\n\  liy  the  st^miach,  the  protiodide,  in  d*>se  tjf  from  J  grain  to 
J  grain  three  times  daily,  being  the  liest  preparation.  The  amount 
may  be  increased  grathially  until  a  slight  diarrhtea  is  produced,  and 
then  a  dose  a  little  less  than  that  which  causeti  the  diarrlaea  may 
be  ke|>t  up  for  some  time,  I  prefer  the  French  pills  of  Garnier  and 
Lamoureux,  as  of  uniform  strength  and  obtainable  everywhere,  and 
I  use  from  3  to  12  of  these  pills  <!aily.  Corrosive  sublimate  may 
be  employed — from  ^-^  grain  t^  ^^^  grain  three  times  daily — in  the 
same  manner.  The  advantage  of  tlie  method  by  immction  is  that  it 
does  not  affect  the  digestif ui  unfavorably.  Iodide  of  (lotassium  is 
to  be  given  in  cotmection  with  the  mercury  in  gradually  iocreiusing 
doses,  from  15  to  100  grains  three  times  daily.  It  should  be  admin- 
istere<l,  very  largely  diluted,  in  an  alkaline  water  after  meals,  or  else 
in  a  [jitter  tincture  tiefore  meals.  It  is  well  to  reduce  the  large  dose 
of  the  iodide  after  a  month,  and  then  to  continue  it  in  25-grain  doses 
three  times  daily  for  two  or  tliree  months  longer.  If  free  elimination 
of  the  iodide  is  secured  by  the  use  of  laxatives,  of  diuretics  (of  which 
water  is  the  best),  and  of  warm  bat'hs  daily,  it  can  \m^  taken  for  a 
long  period. 

It  is  well  to  make  a  thorough  trial  tif  this  treatujent  in  crLses  of 
locomotor  ataxia,  and  if  a  decided  imjjrovena^nt  takes  place  it  is  well 
to  contimie  the  io(htie  and  to  repeat  the  course  of  mercurial  immc- 
tions  at  intervals  of  four  months,  each  nu*rcurial  course  lasting  from 
two  to  four  weeks,  according  tr>  the  toleration  shown  liy  the  patient. 
In  citses  in  which  there  Ls  a  subacute  sj/mal  meningitis  with  the 
sclerosis  this  treatment  gives  the  best  results.  It  is  to  be  remem- 
Ijered  that  the  use  of  mercury  hastens  the  pnjcess  of  optic-nerve 
atrophy,  and  therefore  in  the  class  of  cases  of  locomotor  ataxia  in 
which  optic-nerve  atrophy  is  the  initial  symptom — a  class  quite 
easily  separated  from  the  ordinary  type— this  line  of  treatment  is 
not  to  be  employed. 

In  eases  that  are  not  sypliilitic  in  origin  or  in  which  specific 
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treatment  has  failed  one  may  use  other  tlriigi^.  The  bei?t  line  of 
treatment,  in  my  opinion,  is  the  use  of  arsenic  in  small  doses  (arsen- 
ious  acicL  j^^  grain  three  times  daily,  or  the  raeodylate  of  sodium, 
■^  to  if  grain  three  times  daily)  or  the  eontituie<l  use  of  eorrosive 
sut»limate,  5V  grain  three  times  daily,  or  both  used  alternately. 
Arsenic  is  one  of  the  best  nerve  tonics,  and  may  possibly  retard  the 
disintegration  of  nerve  fil>res  in  the  selercitic  area^  of  tlie  eord.  Cor- 
rosive sublimate  is  believeil  by  many  to  retard  the  production  of 
connective-tissue  inHammations. 

Ergot,  which  was  formerly  extensively  employed,  either  in  the 
form  f>f  fluid  extract,  i  drachm,  ur  of  ergot  in.  f  to  1  grain  tliree  times 
daily,  is  not,  in  my  experience,  uf  any  permanent  benefit.  If  it  is 
used  it  should  not  be  given  continuously,  but  only  four  days  in  every 
week  (Charcot). 

Nitrate  of  silver  has  also  been  used  for  many  years,  and  still  has 
some  reputation.  It  is  to  l>e  noted  that  this  drug  has  usually  been 
given  in  pill  made  up  \\ith  a  vegetable  extract.  As  a  matter  of  fact, 
when  thus  prepared  it  turns  into  an  oxide  of  silver  within  a  day  or 
two;  hence  it  is  (luite  likely  that  patients  have  not  had  the  lienefit 
of  the  drug.  It  should  be  ailministered  with  kaolin  in  a  capsule. 
Wlien  so  given  it  is  very  liable  to  ilisturb  the  stonuich,  ami  if  kept 
up  for  any  length  of  time  discoloi"s  the  gums,  mucous  meml^raiies^ 
and  skin  a  dark  blue.  On  the  first  sign  of  such  an  effect  it  sliould 
be  stopped.  Recently  the  use  of  this  drug  hyi>odermically  has  been 
urged,  but  it  is  too  soon  to  report  success. 

Strychnine  is  universally  discu'ded  in  the  treatment  of  ataxia, 
excepting  tis  a  temporary  remedy  for  the  relief  of  incontinence  of 
urine,  in  which  it  occai^ionally  succeeds. 

Belladonna  has  also  lieen  tried,  but  seems  to  have  little  claim  to 
usefulness.  There  hjis  not  tiS  yet  been  found  any  drug  which  can 
be  said  to  be  curative  in  the  disea^^e,  I  have  never  seen  any  benefit 
from  the  use  of  animal  extracts,  and  the  so-called  *'goaCs  lymph 
treatment"  has  failed  to  be  of  the  slight4*st  use  in  a  number  of  Uiy 
patients  who  have  tried  it. 

There  are  certain  symptoiiL'^  of  locomotor  ataxia  which  re(|uire 
treatment.  Pain  is  the  chief  one,  ami  for  tliis  the  most  valual)le 
remedies  have  been  fliscovered  recently  in  antif  lyrine,  acetanilid,  and 
phenacetin.  Given  preferalily  in  a  triturated  jiowder  in  their  nnW- 
nary  dose  and  repeated  two  or  three  times  a  day,  the}*  su(^eeed  in 
quieting  pain  very  welh  I  prefer  to  prescribe  each  retnr»dy  sepa- 
rately, using  each  for  one  week  at  a  time  and  changing  about,  so 
that  the  dose  need  not  be  coastantly  increased.  Salicylate  of  sodimu 
in  10-grain  to  20-grain  doses  sometimes  acts  when  the  drugs  just 
mentioned  fail.  In  many  cases,  however.,  recourse  nuist  hv  had  to 
opium,  codeine,  or  morphine.  It  is  often  possible  to  combine  thi^e 
drugs  with  others  which  neutralize  their  disagreeable  effects,  as  in 
Brown-S^uard's  neuralgic  pilL     Eventually,  the  h^TKsdermic  use  of 
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morphine  may  be  resorted  to,  antl  seems  to  be  wholly  justifiable  in 
a  disease  whifh  is  very  pfiiiiful  and  ehrunie. 

The  treatment  of  painful  areas  i>y  the  furadic  brush,  by  eold  or 
hot  a]>plieatiorLs,or  l>y  cupinng  the  spine, ha.s  already  been  alluiled  to* 

Agaiui^t  the  crises  of  k>eomotor  ataxia  we  have  but  one  sure  remedy 
— viz.,  morphine  hypodermieally  — and  this  should  be  used  freely  to 
relieve  these  distressing  symptoms.  Aiitij>yrine  and  phenaeetin 
have  been  recently  reeommended  in  tlie  treatment  of  gastric  criiscs. 

The  sense  of  stiffness  winch  attends  the  sta^e  of  ataxia  is  fre- 
quently relievefl  by  the  use  of  wtirm  baths,  as  already  deseriljed. 

The  juriii>ing  uf  the  limljs  winch  often  annoys  the  patient  toward 
evening  ij?  best  controlled  by  bromide  of  sofiium  given  with  Hoff- 
man's anodyne. 

The  chronic  eoastipation  usuall3'  requires  the  habitual  use  of  some 
laxative  or  eneniata,  esperially  if  opium  is  l)eing  ein|*loyed  for  the 
relief  of  pain. 

Chronic  cystitis,  joint  diseases,  and  ulcers  of  the  h^ot  mu^it  be 
treated  according  to  the  usual  methods  described  in  surgical  text- 
books. 

For  the  ojitic-nerve  atro]>hy  no  treatment  seems  to  Ije  of  avail, 
although  hyjiodermic  injectioiLs  of  strychnine  and  the  use  of  iodide 
of  potassium  have  their  adherents. 

For  the  relief  of  the  ataxia  a  method  of  training  has  been  invented 
by  Franke!,  of  Berlin,  which,  if  faithfully  carried  out,  5s  usually 
syccessfuL  This  method  depends  ufioo  the  fact  that  the  act  of  walk- 
ing, while  ordinarily  automatic,  may  be  voluntarily  directed.  In 
locomotor  ataxia  tlie  automatic  mechanism  is  disturbed,  but  an 
effort  of  the  attention  combined  with  a  progressive  training  of  the 
muscles  may  enal>le  one  to  acquire  a  vctluntary  gait  which  assist>s  or 
takes  the  place  of  the  automatic  gait.  The  Frankel  movements  con- 
sist of  attempts  to  follow  a  straiglit  line,  or  a  curved  line,  or  a 
triangle  upon  the  Hoor  with  the  ti|>  of  the  toe;  then,  when  these 
motions  can  be  accurately  ijerformed  by  the  aid  of  sight,  further 
motions,  such  as  taking  a  step  of  a  definite  length,  going  up  stairs 
and  going  tlirough  various  bodily  exercisf^s,  are  learned.  These  exer- 
cises should  be  gone  through  with  several  times  a  day,  the  patient 
renting  for  five  minutes  after  every  five  minutes  of  exercise.  While 
patients  can  acquire  tliese  motions  theins<*lvf's  after  instruction,  yet 
it  is  found  that  they  ini|>rove  much  mor<*  ra^adly  if  they  are  person- 
ally instructed  by  the  pliysician  every  day.  .\s  a  result  of  such 
continued  instruction  the  gait  may  be  materially  improved.  I  have 
known  patients  who  had  been  unable  to  walk  for  several  years  to 
regain  the  power.  For  details  of  this  method  the  reader  is  referred 
tij  Franke!  and  Goldschneider's  books  on  the  treatment  of  ataxia. 

Well-fit ttul  boots  with  side  supports  to  the  ankle  and  rubber  heels 
may  assist  the  patient  to  w^alk. 


CHAPTER    XVIII. 


CUMBINKD  SCLEROSIS. 


Aequifcd  and  Can|[exLital  Ataxie  Parnplegin.     Fnedi-eicli'i»  Ataxin. 


History.  W'estphal,  in  1867,  observed  a  vase  in  which  botli  pos- 
terior tiUil  lateral  eoliioms  of  the  cord  were  .sclerotic.  Soon  after  l^rli, 
Pierrct,  und  von  Ijeyden  recognized  the  fact  that  this  may  lie  the 
terminal  lesion  in  some  cases  of  locomotor  ataxia.  In  1877  Kahler 
and  Pick  and  in  1878  Westphal  described  combined  sclerosis  as  an 
iiidependeiit  affection.  In  1SS6  Gowers  presentetl  a  clinical  ]«ctnre 
of  a  disease  which  he  named  ataxic  parajjlegia  arid  showed  its  depen- 
dence upon  a  sclerosis  of  the  |>osterior  and  lateral  columns  of  the 
cord,  Since  that  time  a  number  of  similar  cases  have  been  published* 
especially  by  Striimpell, Oppenheim,  Dana,  and  PutnaiiK  But  con- 
siderable tUscussicni  hiw>  arisen  in  regard  to  the  exact  nature  of  the 
disea,se.  Some  maintain  that  it  is  a  "'system  disease"  of  the  spinal 
cordy  by  which  it  is  intended  to  imply  that  the  lesion  begins  in  and 
is  limited  to  certain  definite  columns.  They  have  seen  ciuses  in  which 
the  cohmuis  of  Golb  Burdach,  and  the  latcTal  jiyramidal  an<i  direct 
cerebellar  eitlumns  were  affected  together.  tUhers  have  shown  that 
the  lesion  is  ncjt  strictly  limited  to  the  various  functional  tracts,  but  is 
much  more  diffuse  than  it  is  in  such  diseases  as  tabes  or  amyotropliic 
lateral  sclerosis.  In  the  cases  examine<l  by  them  the  root  zone  of 
the  colunui  of  Burdach  was  miieli  less  affected  than  the  remainder 
of  the  colunui,  the  septo-margina!  and  cornu-conmiissural  tracts  were 
affected,  the  lateral  limiting  layer,  the  column  of  Gowers,  and  some 
parts  of  the  anterodateral  column  were  involved:  in  a  wonl,  there 
was  a  diffuse  s(*len>tic  fjroct^ss  of  varying  intensity  at  different  levels 
of  the  cortl,  from  which  the  anterior  portions  only  and  the  anterior 
horns  were  exempt.  In  some  of  these  cases  there  was  considerable 
atrophy  of  the  gray  matter  about  the  central  canal  and  of  the  columns 
of  Clarke.  Hence,  Leyden  has  recently  reafhnned  that  condiiiied 
sclenjsis  is  merely  a  form  of  clircmic  diffuse  myelitis;  that  tlie  dis- 
tribution  of  the  lesion  through  long  tracts  of  the  cord  is  nu^rely  ihie  to 
the  structure  of  the  organ,  any  local  lesion  being  necessarily  followed 
by  secondary  degenerations  upward  or  downward  that  are  greater 
in  extent  the  nearer  the  lesion  to  the  jieriphery  of  the  cortl,  since  the 
longest  fibres  lie  on  the  surface,  and  he  denies  the  existence  of  a 
special  disease  aside  from  clironic  myelitis.  Whatever  the  (mtcome 
of  this  pathological  controversy,  it  remains  a  fuel  that  the  majority 
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of  clinical  observers  recognize  a  combination  of  symptoms  that 
constitute  a  special  disease,  inasmuch  as  they  differ  from  other  recog- 
nized diseases.  And  the  origin  of  this  disease  appears  to  have  been 
rightly  disclosed  by  the  investigations  of  Marie,  who  traces  it  to  a 
vascular  cause.  It  is  well  known  that  the  spinal  cord  is  supplied 
by  two  sets  of  arteries,  one  which  enters  deep  within  the  organ 
through  the  anterior  fissure  and  supplies  its  anterior  half  and  its  gray 
matter,  the  other  which  sends  numerous  branches  into  the  lateral 
and  posterior  columns.  (Fig.  108.)  Any  disease  in  these  arteries 
causing  an  anaemia  of  the  parts  supplied,  any  thickening  of  the  mem- 
brane upon  the  posterior  half  of  the  cord  compressing  these  arteries, 
or  any  condition  impairing  the  nutrition  of  the  cord  by  blood  reaching 
it  through  these  vessels  might  produce  a  degeneration.  And  the 
situation  of  this  degeneration  would  necessarily  be  in  the  posterior 
and  lateral  columns  to  a  greater  or  less  depth.  This  theory  seems 
to  explain  both  the  location  of  the  lesion  and  its  diffuse  character. 


FlO.  106. 


The  distribution  Of  the  spinal  arteries.  The  shaded  areas  are  the  regions  which  are  sclerotic  in  com- 
bined sclerosis,  and  correspond  to  the  distribution  of  the  peripheral  system  of  arteries.  (Marie.) 

Pathology.  Combined  sclerosis  consists  of  a  diffuse  sclerotic 
process  in  the  spinal  cord  chiefly  limited  to  the  posterior  and  lateral 
columns.  In  cases  of  moderate  duration  the  lesion  affects  the  column 
of  Goll  in  its  entire  length,  the  column  of  Burdach  in  part  (the  root 
zone,  the  perij^heral  portion  and  the  part  adjacent  to  the  commissure 
often  escaping),  the  direct  cerebellar  tract,  and  the  lateral  pyramidal 
tract.  In  cases  of  long  duration  the  lateral  limiting  layer,  the  tract 
of  Gowers,  and  a  part  of  the  antero-lateral  tract  adjacent  to  the 
pyramidal  tract,  as  well  as  the  cells  of  darkens  column  and  of  the 
central  gray  matter,  are  also  degenerated  and  the  sclerosis  is  more 
complete  in  the  columns  first  affected.  The  extent  of  the  lesion 
vertically  also  difTers  in  different  cases,  according  to  their  duration. 
In  the  majority  of  cases  the  dorsal  region  of  the  cord  is  the  part  first 
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iavolved,  and  jls  the  case  goes  on  secondary  degentTution  as  wf*ll  iijs 
the  exteiL^ion  uf  the  original  le^^ion  increase  the  vertical  extent  of  the 
sclerotic  |)roeess.  In  some  cases  the  hiteral  eoliiiinis  are  more  deeply 
involved  than  in  others.  In  some  cases  the  posterior  foluiims  are 
those  first  and  most  seriously  affected.  But  if  the  patient  lives 
long  enough  the  terminal  conthtion  is  one  of  invasion  of  both  columns 
in  their  entire  length.     The  varying  tlescriptions  presr^nted  by  differ- 


Fig.  iw. 


Fia.  no. 


Fio,  nr. 


Flo.  112. 


Fio.  IM. 


Tbe  flitimtion  of  Ibe  \m\m\  lo  oomblne^  nclerotij  of  vmicatar  oiigln.  ¥\^,  \m,  c«rv1aU ;  Fig.  110, 
miUdle  dorwl :  F%.  in.  lower  doiml  \  Fig.  U2«  lumber:  Fl^.  113,  mcml  rugtons.  Itt  the  InmtMLr 
Aod  flMSnl  rcRfoti  tbe  lesion  la  ou©  of  dtfcendlng  degenerailim  only.    (Bullet  et  Minor*) 


ent  authors  of  these  lesions  are  largely  due  to  the  omission  of  any 
reference  to  the  duration  of  the  disease  in  the  different  eases,  Putnam 
being  the  only  oljserver  to  distinguish  between  symptoms  of  long  and 
of  short  standing  in  the  same  case. 

In  addition  to  the  sclerosis  of  the  cord  the  majority  of  observers 
have  noticed  a  thickening  of  the  pia  rnater,  especially  upon  the 
posterior  ami  lateral  surfaces,  witli  adhesion  to  the  cord.     S(nme  have 
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seen  a  state  of  arterio-eapillary  fibrf);^is  or  a  tnie  eiidarteritiy  in  the 
spinal  vessels.     The  anterior  nerve  rootvS  have  l)eeii  found  atropliieil. 

The  combination  of  seeondary  liegeneration  of  the  motor  and  sen- 
sory tracts  sometimes  hmnd  in  a<lvaneed  cjises  of  general  fiaresis  is 
not  to  be  chissed  with  this  disease. 

Etiology.  Little  is  known  of  the  eanse  of  ataxic  |>ara|ilepa,  but 
the  \vidi*s|)read  degeneration  in  many  ef*lumns  of  tlK'  cord  lias  given 
rise  to  the  supposition  that  it  is  <hie  to  an  inherent  want  of  vitality 
in  the  nerv^ous  syst<*m  %vith  a  tendency  to  degeneration  from  general 
malnutrition  of  tlie  neurones.     It  is  certainly  more  conunon  in  i)er- 

FlQ,  114. 


r  combined  Bcleroali.  a.  Anterior  horn .  &.  Poeieriorborn.  e.  Posterior  n«rve  root, 
d*  Autertor  nerve  root.  e.  Antertor  comiotsaiire.  /.  I*oflt**rlor  comnilaffurw,  if.  Anterior  fSsvur^, 
h,  Poiterior  septum,  t.  Root  tone  (iiontml),  /.  Marg^iiial  jtone  (norma]  L  k^  Antertor  column 
(normal).  L  Column  of  Go  we  pa  [tclerolic).  m.  Direct  ceivbeUar  tmci  tscleroLlc).  ti.  Column  of 
GoU  (tclepotlcj,    o.  Liiteral  pyramid al  tmct  (BClcrotlc).    (Biocq.) 

sons  of  neiu'otic  tendency.  It  develops  iLsually  in  mak*s  in  early 
adult  hfe,  is  not  particularly  related  to  syphilis,  though  it  has  been 
traced  t^^  it  in  some  causes.  In  many  causes  it  follows  extreme  muf^- 
cular  exertion,  and  himce  is  more  common  in  workinei\  and  those 
subject  to  long  marches  or  heavy  labor.  It  hius  been  known  to 
develop  after  severe  exhausting  diseases,  such  a.s  anaemia,  leueocy- 
^^  thaemia,  and  cancer,  and  especiidly  as  a  complication  of  ])ernicious 
^V  ansemia.  Marie  traces  it  to  (endarteritis  in  the  spinal  vessels. 
W  Symptoms*     Patients  sutTcring  from  combined  sclerosis  com|>lain 

I         first  of  consideral)Ie  fatigue  in  the  legs  after  short  walks,  a  sense  of 
I         numbness  and  heaviness  in  the  legs,  and  of  stiffness  of  the  muscles 

^^^^^  1 
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and  of  an  uasteadiricst^  of  gait.  This  uustt^adiness  of  put  is  iLsiuilly 
worse  in  the  dark,  and  gradually  t\i^  rtioiitlis  go  by  the  patient  becomes 
distinctly  ataxie.  But  this  ataxia  is  eoinbiiied  with  a  rather  iiiarked 
stiffness  in  tlie  aetion  of  tlie  U*gs  similar  to  tliat  seen  in  lateral  scle- 
rosis; the  feet  are  not  thrown  high  ns  in  locomotor  ataxia,  but  are 
dragged  along  the  ground.  There  is  a  marked  swaying  when  the 
eye?  are  closed.  There  is  slight  diminution  of  tactile  sensibihty  in 
the  feet,  less  in  the  thighs,  anti  tliere  is  no  girdle  sensation.  There 
is  an  exaggeration  of  the  knee-jerks,  and  ankle  clonus  and  Babinski's 
reflex  are  present,  These  patients  do  not  complain  of  lightning 
pains,  a.s  in  locomotor  ataxia,  and  they  are  not  subject  to  crises. 
They  often  sutTer  from  a  dull  aching  sensatitjn  in  the  sacriun. 

Aiy  the  ciise  goes  on,  after  three  or  four  years  the  spastic  symptmns 
appear  to  surpass  the  ataxic  symptoms  in  intensity,  arul  spastic  para- 
plegia, together  with  its  characteristic  gait^  obscures  the  ataxia. 
These  [>atient.s  sometimes  suffer  from  disturl>ance  of  the  action  of 
the  hladdt^r  and  rectum  as  the  disease  goes  on.  When  the  ataxia 
reaches  the  upper  extremities  the  reflexes  are  increased.  The  Argyll- 
Robertson  iniiiil  is  aljsent,  but  nystagmus  is  not  infrequently  de- 
velope<h  anrl  this  may  give  rise  to  the  su|>position  that  tlie  disease 
is  really  (hsseminated  sclerosis.     Optic  atrojjhy  has  been  t»bserved. 

The  course  of  the  case  is  a  very  chronic  cme,  but  is  |)rogressive,  in 
this  respect  differing  frcjin  the  spcmtaneeKUs  arrest  frequently  seen  in 
locomotor  ataxia.  In  the  course  of  six  or  ten  years  these  |)atients 
becorru^  fully  |>aralyzed,  are  confined  to  the  bed  with  limbs  drawn 
up  and  rigid,  and  with  all  the  distressing  twitchings  of  the  nniscles, 
sjiasms  of  the  legs  and  back,  and  tendency  to  betl-sores,  which  are 
present  in  cases  of  lateral  sclerosis  in  the  later  stages.  The\'  usually 
die  of  some  complication.  Some  cases  are  more  rajjid  in  their  prog- 
refts.  This  is  esi>ecial!y  true  of  those  associated  with  and  due  to 
pernicious  anaemia  or  some  form  of  toxtrmia.  In  these  cases  the 
hnat  termination  is  reached  within  a  year,  emaciation,  iliarrliLea,  and 
exhaustion  preceding  death.  Dana  and  Putnam  have  deseril>ed 
these  c;ises  most  fully.  Ai>  to  the  manner  of  onset  and  course  of 
these  cases  there  is  a  word  to  be  said.  The  facts  presented  in  the 
discussion  of  the  |>athol(jgy  wtndd  indicate  that  the  sym|>toms  in 
different  crises  may  be  quite  different.  ( )pj)enheim  distinguishes  two 
groups  of  castas:  one  in  which  the  syniptoriLs  of  spastic  ijarajjlegia  are 
more  )>rorninent:  the  other  in  which  the  symj>toms  of  kicomotor 
ataxia  are  more  niarketl.  In  the  lirst  the  spiustic  juiralysis  is  soon 
followed  by  the  syniptonLs  of  ataxia.  In  the  second  the  reverse  order 
is  seen.  In  my  experience  the  latter  class  is  more  frequent  than  the 
ff»rmer,  antl  it  is  this  chiss  which  corresponds  to  the  ataxic  paraplegia 
of  (lowers.     It  is  a  very  rare  ty|X"  of  spinal  affection. 

Diagnosis.  The  tliagnosis  of  the  disease  presents  no  tlifficulties,  as 
is  evident  from  the  description  of  the  symptoms.  It  cannot  l>e  mis- 
taken eventually  for  tal><*s  or  for  lateral  sclt^rosis  because  symptoms 
of  each  dLsease  appear  in  atidition  to  those  of  the  other. 
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Prognosis.  The  disease  is  a  slowly  progressive  one,  and  no  arrest 
in  its  (■(iiirsi:  can  be  expecteiL  Yet  oeca.'^iunally  periotls  of  reoiissioa, 
like  tliose  oecurring  in  loconiotor  ataxia,  have  been  ubserveil. 

Treatment.    Trf^atment  is  the  same  as  that  in  loeomotor  ataxia. 


FRIEDREIOH  S  ATAXIA. 

A  defective  devplopinentof  the  spinal  corfl,  with  the  protiiiotion  of 
nenrogHa  tissue  taking  the  place  of  the  defective  or  degetierated 
fibres  in  a  number  of  various  tracts  of  the  sj>ina!  coni,  was  first  ile- 
scribed  by  Friedreich,  of  Heirlelherg,  in  1SH3  and  1876,  and  was 
named  i^Viedreich  s  ataxia.  Friedreich  supposed  it  to  be  a  juvenile 
form  of  loeoiuotor  ataxia, and  called  attention  to  its  congenital  origin 
and  to  the  frecjuency  with  which  it  appeared  in  several  members  of 
a  family.  To  Schultze  nuist  be  given  the  credit  of  showing,  in  1877. 
that  the  disease  is  not  related  in  anyway  to  locomotor  ataxia,  but 
is  due  to  a  defective  development  of  the  spinal  cord.  There  is, 
apparently,  a  thickened  and  sclerotic  tissue  in  the  posterictr  and 
lateral  colunms  of  the  spinal  ctird. 

Fio.  116. 
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TlM  leilon  of  Frledrelcti^H  hereditary  rIbxIa.    M&ldevelopineDl  and  BCI<!it)elB  of  Ibe  lateral 
nod  posterior  columns.    (ScJiuliKe,  Lebrblc.  d,  Nen^enkr.,  T»l".  iv.) 

Pathology.  Fig.  115,  which  is  taken  from  one  of  Friedreich's 
original  causes,  denionstrates  the  peculiar  appearance  of  the  spinal 
ci^rd  in  this  condition.  The  spinal  cord  in  all  of  these  teases  appears 
unusually  thin  and  small,  and  thert!  is  usually  a  thickening  of  the  pia 
mater  about  it,  especially  yj;on  the  posterior  surface.  iMicroseopic 
examination  shows  the  presence  of  exten^sive  degeneratitm  and  the 
remains  of  a  few  nerve  fibres  only  in  the  direct  cerebellar  tracts,  the 
Cf^lumn  of  Gowers,  the  lateral  pyramidal  tracts,  and  in  the  columns 
of  Goll  and  Burdach.     The  exogenous  and  (►iidoi'enous  (ibi  es  iwp  both 
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involveil  in  the  lesion.  The  column  of  G(»ll  is  degenerated  in  its 
entire  lengtli  an<]  is  more  completely  affected  than  the  column  of 
Burdach.  The  root  zone  of  the  cohimn  of  Burdach  and  the  (*olunm 
of  Lissauer  often  contain  very  many  normal  fibres.  The  direct  cere- 
bellar column  is  affected  as  well  tus  the  pyramidal  tract.  In  the 
anterodateral  column,  Blocc]  and  Marinc^co  have  noticed  a  diminu- 
tion in  the  normal  number  of  hl>res.  It  is  evident,  therefore,  that 
a  defective  development  in  all  tlie  fibres  of  the  s|)inal  cord  is  jjresent 
which  is  more  marked  in  the  jiosterior  than  in  the  anterior  half.  The 
gray  matter  of  the  cord  also  shows  changes.  There  is  an  atrophy  of  the 
cells  in  both  anterior  and  |Histenor  horns,  fewer  cells  Ix'ing  present 
than  in  a  normal  cord.  The  cells  of  the  column  of  Clarke  are  notal)ly 
degenerated  and  are  very  few  in  number.  <Jccasionally  around  the 
central  canal  there  is  a  thickening  of  the  ejjendyina  and  amass  of 
email  round  cells.  Both  posterior  and  anterior  ner\T  roots  have  been 
found  somewhat  atrophied.  Wherever  the  nerve  fibres  are  wanting, 
a  thickening  of  the  glia  tissue  is  evident,  Init  it  is  st^condary  and  not 
primary.  All  authors  agree  that  tlie  disease  is  due  to  an  arrest  of 
d<*velopment  of  the  various  systems  of  fibres  in  the  spinal  cord. 
Further  invest igati(uis  are  neees.sary  to  confirm  the  statements  of 
Marchi  ttiat  secotidary  changes  in  the  cerel)ellii!n  are  always  present, 
Nonne  and  Menzel  liave  shiiwn,  liowever,  that  an  atrophy  tine  to  a 
defective  development  of  the  cerebellum  will  give  rise  to  symptoms 
ahnost  identical  with  those  of  Friedreich's  ataxia.  These  synn»tonis 
have  been  l>est  described  hy  Marie,  anil  it  is  f»ften  difficult  to  iliffer- 
entiate  Friedreich's  ataxia  frnm  Marit^'s  form  of  cerebellar  atrophy. 

Etiology.  The  distnise  appears  in  childhood^  and  is  sometimes 
present  in  several  members  of  the  same  family;  hence  it  has  been 
tenned  hereditary.  In  the  eases  observed  l)y  tuc.  however^  but  one 
child  out  of  several  was  affected.  It  occasionally  develops  after  some 
one  of  the  infectious  diseases  of  ehildhnnd.  whicli  infection  is  sup- 
posed to  accelerate  an  inherent  tendency  to  imperfect  growth.  In 
Friedreich's  cai^es  alcohnlism  in  the  parents  was  supposed  to  be  the 
cause,  Oppenheim  believes  that  it  may  be  a  manifestation  of  hered- 
itary S}T:ihilis.  It  may  be  congenital,  the  children  never  develojiing 
the  power  to  stand  rtr  walk.  It  is  usual^  however,  for  the  symptoms 
to  make  their  appearance  from  the  sixth  to  the  eighth  year  of  life, 
though  cases  are  on  record  of  as  late  a  develoj>ntent  as  the  sixteenth 
year.     Boys  are  more  frequently  affected  than  girls. 

Symptoms.  A  slow  onset  during  cliildluiod  of  symptoms  which 
are  a  combination  of  spiustic  paraplegia  and  ataxia  is  characteristic 
of  this  disease,  As  the  child  learns  to  walk  it  is  fonml  that  he  is 
unsteady  on  his  fet*t  and  awkward  in  his  gait,  being  liable  to  fall,  and 
he  staggers  jti  a  manner  suggestive  of  cert*I>enar  disease.  He  walks 
slowly  with  little  steps,  unsteady,  with  feet  far  apart,  and  some  ten- 
dency to  stamp  the  foot,  but  the  legs  are  not  throw^n  about  to  the 
degree  that  is  present  in  tabes.  When  the  child  attenijits  to  stand 
he  sways  from  si^lt^  to  side,  the  muscles  of  the  legs  contract,  and  the 
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Fig.  lie. 
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hruU  moves  as  wr4!  ixs  thf  IhhIv  in  the  attempts  U>  i)re8erve  the 
Imlance.  Closing  the  eyes  iuerea^sen  this  uni^teudiness.  Ae  the  ataxia 
iarreases  a  (XTtain  ri^itlitynf  the  Wgy^  hegins  to  appear,  nod  this  is 
eommoiily  attended  liy  a  (■(iritraetiiTe  of  the  posterior  tibial  group  of 
museles,  caiLsiiig  a  talipes  et[ui!uis.  This  deformity  of  the  foot  makes 
walking  still  more  diftieult  until,  little 
l>y  little,  the  chihl  becomes  incapalde  of 
standing  or  walking  alone.  Fig.  116 
shows  the  ordinary  appearance  of  one 
of  these  children  in  standing,  and  Fig. 
117  shows  the  characteristic  defonnity 
of  the  foot.  When  the  chihl  is  i|uiet 
and  seated  constant  oscillation  of  the 
botly  and  of  tlie  head  is  observed,  a 
symptom  which  prevented  the  photo- 
grapli,  Fig.  116,  from  lacing  clear  in  out- 
line. This  is  not  a  chorea-like  twitch- 
ing, because  it  is  slower  than  the  move- 
inent  of  chorea,  and  as  effort  to  keep 
still  increases  this  oscillation  it  reminds 
one  of  the  intention  trenir^r  of  dissem- 
inated sclerosis.  The  arms  are  less 
completely  affected  than  the  legs,  but 
they  share  in  the  ataxia  anil  in  tlu^  in- 
tentional tremor^  so  that  the  child  is 
soon  incajiacitated  from  feeding  liimself 
or  dressing  liimself. 

In  the  later  stages  of  the  affectifjii  a 
true  paralysis  may  develop  in  the  legs 
of  the  ty|)e  of  spastic  paraplegia,  the 
nmscles  being  so  contract ured  and  rigitl 
that  they  cannot  be  voluntarily  moved. 

Early  in  the  disease  nystagnms  de- 
velops. It  is  not  present  when  the  eyes 
are  quiet,  but  l>econa^s  visilile  on  any 
attempt  at  turning  the  eyes  from  side 
to  side.  Paralysis  of  the  ocuhir  nmscles, 
however,  does  not  occur,  and  tliere  is  no 
tendency  to  optic  atrophy. 

A  disturlmncetrf  Speecll  is   eonnnonly  Fiictlrelch's  hereditary  alaxia.    The 

present  in  these  cliildreu.     The  speech  is  *wJtwar.1  po«iureand  forward  bending 

I                ,    |.,i.       1,          1  *      1-    .*       X          i  ^^  ^e  body  are  noticeable;  hIbo  the 

slow  and  dimcuit  ail<  1  indistinct ,  not  Un-  aUgHt  flexion  of  knees  and  elbowa. 

like  the  sf>eech  of  ttisseminaterl  sclerosis. 

The  ti*ngue  can  be  |>rotriided,  but  usually  shows  fibrillary  tremors. 
There  is  rarely  any  distui'bance  of  sensibility  in  the  affecti^d 
hmbs,  and  shooting  |>aiiLS  are  not  complained  of.  Sometimes  the 
rigidity  of  the  liml>s  gives  rise  to  muscular  pain.  The  [latellar  reflex 
is  {liminished  or  lost  early  in  the  disea*se,  but  the  jaipil  reflex  remains 
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DormaL  There  is  no  disturbance  of  the  bladder  or  rectum.  As  & 
rule,  the  children  remain  rather  infantile  in  their  cerebral  develop- 
ment. It  is  difficult  to  jB^ve  them  an  education,  and  even  when 
reaching  adult  life  they  ap[>ear  to  f>e  weak-minded.  But  thi.s  Ls  not 
always  the  ca8e»  though  the  flifficulty  of  speech  and  the  rather  stupid 
appearance  of  the  face  may  lead  to  the  supposition  that  the  child  is 
less  capable  than  he  really  Ls.  The  course  of  the  case  is  a  gradually 
progressive  one.  It  usually  apjjears  at  the  age  of  six  or  seven  years, 
rendfTing  the  child  incapal)le  and  paralyzed  by  the  age  of  fifteen 
years.  It  never  begins  after  tlip  age  of  sixteen  years.  It  is  not  in 
itself  a  fatal  affection,  and  thereff»rc»  if  the  chihlren  are  well  eared 
for  they  may  grow  up.  They  die  of  some  intercurrent  affection 
after  many  yeai's  of  a  crij>pled  existence. 

Fig.   U7. 


Contmtl  between  the  deformed  fo<-it  In  Friedreich's  staxlA  «nd  a  uorooal  Ibot. 


Diagnosis.  The  iliagnosis  of  the  affection  is  not  difficult  on  account 
of  t\\r  i'tiaracteristic  appearance  of  the  symptoms  in  childhood.  As 
chihlrcni  are  almost  exempt  from  locomotor  ataxia,  thi*s  is  the  only 
aff*H'ti<Hi,  ♦'Xcepting  nuiltii)le  netu-itis,  that  will  produce  ataxiij  in 
chiltlren.  There  is  no  difficulty  in  differentiating  it  from  nniltiple 
ireiiritis  on  account  of  the  hist(»ry  of  the  ease,  Marie's  cerebellar 
hereditary  ataxia  presents  very  similar  symptoms,  but  this  develops 
between  the  twentieth  and  thirtieth  years;  it  affects  the  arms:  the 
patellar  tendon  reflex  is  preserved.  Tiie  characteristic  contracture 
anrl  ilcformity  of  the  foot  are  not  present,  while,  on  the  other  hand, 
loss  (if  \ni\nl  reflex,  |>araly!^ii^  of  the  ocular  muscles,  and  optic-ner\*e 
atrojihy  are  fre<jueiitly  observed. 

The  i*rf>gnosiH  is  unfavorable,  and  there  is  no  form  of  treatment 
which  is  known  to  arrest  the  progress  of  the  disease. 


CHAPTEK    XIX. 
MYELITIS  AND  MYELOMALACIA. 

Hyperemia  and  Ansemia  of  the  Spinal  Cord.     Lesions  of  Pernicious  Anemia.    Acute 
Myelitis.     Myelomalacia.     Caisson  Disease.     Chronic  Myitis. 

HYPERJBMIA  AND  ANiBMIA  OF  THE  SPINAL  OORD. 

While  hyperaemia  of  the  spinal  cord  may  occur  as  an  accompani- 
ment of  a  general  disease  of  a  febrile  character,  yet  as  a  primary 
affection  it  is  questionable  whether  it  exists,  and  it  certainly  cannot 
be  recognized.  Older  writers,  it  is  true,  devoted  some  consideration 
to  it,  and  ascribed  numerous  symptoms  to  a  congestion  of  the  spinal 
cord,  but  these  symptoms  are  better  explained  at  the  present  time 
as  being  due  to  neurasthenia,  hysteria,  or  general  affections  of  a  toxic 
or  infectious  nature,  and  are  certainly  in  no  way  referable  to  either 
arterial  or  venous  congestion  of  the  spinal  cord. 

Anaemia  of  the  spinal  cord  may  be  said  to  be  equally  difficult  of 
diagnosis,  as  it  produces  absolutely  no  characteristic  symptoms.  If 
an  anaemia  from  obstruction  in  the  bloodvessels  is  sufficiently  intense 
to  cut  off  the  circulation  in  the  cord,  processes  of  softening  ensue 
which  can  be  recognized  and  which  are  described  under  the  head 
of  myelomalacia.  In  conditions  of  general  anaemia,  the  result  of 
long-continued  malnutrition  of  the  spinal  cord  is  to  produce  degen- 
erations of  variable  degree  and  variable  extent  throughout  the 
organ.  When  these  are  sufficiently  intense  the  symptoms  caused 
are  those  of  a  chronic  myelitis.  It  is  very  remarkable,  however, 
that  considerable  degrees  of  degeneration  have  been  observed  after 
death  in  cases  of  severe  anaemia  when,  during  life,  very  few  symp- 
toms referable  to  the  spinal  cord  have  been  observed.  We  may 
therefore  say  that  both  in  acute  and  chronic  anaemia  of  the  spinal 
cord  it  is  impossible  to  make  a  diagnosis  of  the  condition;  we  can 
only  suspect  their  presence. 

PERNIOIOUS  ANiBMIA  AND  ITS  EFFECTS  ON  THE  SPINAL  OORD. 

There  are  some  very  marked  changes  produced  in  the  nervous 
system  by  a  state  of  pernicious  anaemia,*  and  although  these  changes 
when  they  are  slight  may  not  produce  symptoms,  it  is  as  a  rule 

'  Frank  Billings.  The  Shattuck  Lecture,  1902.  Putnam  and  Taylor,  Journal  of  Nerv- 
ous and  Mental  I^isease,  1901,  vol.  xxviii.  pp.  1  and  74. 
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they  escaped  in  tln^  lumbar  region.  (Fig.  120,)  Tliis  is  due  to  the 
fact  that  in  some  cases  there  is  a  degeneration  in  the  myelin  only, 
the  axone  being  imaffected.  The  gray  tiiatter  of  the  cord  is  not 
Ui?uall}'  involved.  Some  pigmentation  of  the  neurone  bodies  has 
been  seen,  but  chromatolysis  and  degeneration  have  not  been  found. 
The  |>osterior  ganglia  also  escape  degeneration. 


Fio.  120. 


Bclerads  of  the  poat«rior  columns  of  the  cord  In  pemloiouK  aoieinia,    iBlllioga,) 

Sjrmptoms.  The  general  s\  1 1 1 1  > i  <  ^rus  of  pernicious  anaemia  precede 
the  nervons  symptoms  for  sev(^ral  nionths.  Tlie  |>atient«  complain 
first  of  nunibnes-s  in  the  legs  and  arms,  attended  l)y  a  girdle  sensa- 
tion and  a  slight  loss  of  sensation.  Imperfect  control  of  the  blailder 
and  rectum  follows,  si^xual  power  is  impaired,  and  the  limbs  become 
weak,  and  reflexes  are  lost.  Then  a  general  paralysis  develops,  with 
some  emaciation,  l>ut  without  atropliy  or  electrical  changes  in  the 
muscles.  Sometimes  an  ataxic  gait  precedes  the  jjaralysb^;  some- 
times the  gait  is  spastic  rather  than  ataxic.  The  course  of  the 
disease  is  slow,  mth  marked  remissions  in  the  symptoms.  In  lighter 
cases,  in  which  the  disease  has  been  arrestedj  all  the  nervous  mani- 
festations may  subside.  In  severe  cases  the  ])atients  become  par- 
alyzed before  the  disease  terminates  fatally.  The  diagnosis  is  to  l^e 
made  from  the  examination  of  the  blooiL 

Treatment.  The  treatment  must  l>e  dii*ected  to  the  underlying 
condition  of  pernicittus  anaemia,  by  food,  tonics,  and  the  use  of  bone- 
marrow  and  of  arsenic.  This  is  not  often  successfub  and  the  |>er- 
centage  of  recovery  from  pernicious  anaemia  is  telow  twenty.  The 
exact  nature  of  the  disease  is  as  yet  undetermined. 

MYELITIS. 


Myelitis  is  a  diffuse  inflaTmuation  of  the  spinal  cord.    It  may  be 
acute,  subacute,  or  chronic.     It  may  be  limited  to  one  or  to  two 
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adjacent  gegment^^  and  then  it  is  called  transverse  myelitis.  It  may 
be  more  extensive  and  effect  various  levels,  and  then  it  is  called 
disseminated  myelitlH.  It  may  progress  either  upward  or  do\raward 
from  its  starting  point,  and  then  it  is  calletl  ascending  or  descend- 
ing myelitis.    It  results  in  a  destruction  of  the  spinal  element*. 

Myelomalacia  h^  a  condition  of  necros^ii*  of  the  spinal  cord  due  to 
embolism  or  thrombosis  of  the  spinal  arteries.  It,  too,  result.s  in  a 
desitruction  of  the  spinal  elements.  The  sj^mptonLS  of  the  two  affec- 
tions so  closely  resemljle  each  other  that  they  may  he  .studied 
together. 

In  former  years  myelitis  was  supposed  to  be  a  common  di*sease 
and  occupied  much  space  in  text-books.  But  as  the  spinal-cord 
affections,  one  after  another,  have  lieen  carefulh'  differentiated,  and 
us  the  knowledge  of  multiple  neuritis  in  its  varioas  forms  hiis  grown, 
it  has  become  e\ndent  that  many  cases  formerly  considered  myelitis 
were  actually  of  a  different  nature.  My  own  experience  leads  me 
to  regard  myelitis  as  a  rare  affection. 

Etiology.  Myelitis  is,  in  the  majority  of  cases,  an  acute  infectious 
disease.  It  may  \nj  the  only  manifestation  of  infection,  although  its 
bacillus  still  remains  undiscovered.  It  is  often  secondary  to  some 
other  infectious  dii^ea^^jc. 

The  site  of  this  infection  may  be  a  cutaneous  or  mucous  surface 
whicli  is  nfien  to  the  admission  of  germs.  Thus  Auche  and  Hobbs^ 
Marinesco  and  Oettinger,  Roger  and  Damaschino,  Westphal  and 
Leyden,  have  seen  cases  of  myelitis  following  snxallpox;  Striirapell 
has  observed  a  case  of  myelitis  follu^fting  a  felon;  Hochhouse  has 
published  a  casi»  of  myelitis  f<)llowing  tonsillitis:  Ebstein,  Hochman, 
Laveran,  Schiff»  and  others  have  observefl  n  myelitis  following  ty- 
phoid fever;  Roger  and  Dama^chino,  Laverao,  Hoffman,  Babes,  and 
Hn|jfu>l  have  observefl  myelitis  fitllowing  dysentery;  (juII,  Leyden, 
niman,  Raymond,  and  Hayman  have  seen  cases  following  gcjuor- 
rhten;  (teoffrey  and  Arhard,  Bettlieirn  and  Foerstner  have  seen  causes 
following  pneumonia;  Laveran,  Leyiien,  Kvan,  Babes,  and  \'arnalli 
have  seen  cases  fiillowing  malaria  and  grippe;  Hochhouse  has  pub- 
lished a  case  following  cystitis  and  pyelonephritis;  Oppenheim  one 
follfiwing  abscess  of  the  antrum  and  one  following  endocarditis.  All 
fonns  of  meningitis,  both  tlie  epidemic  cerebro-spinal  meningitis, 
tuberculous  meningitis,  anil  purulent  meningitis,  may  be  followed 
by  myelitis,  either  localized  or  general;  and  after  wounds  of  the 
cord  or  o|>erations  upon  the  cord  that  are  not  aseptic,  access  of 
microhms  directly  Iti  tlie  organ  may  cause  myelitis.  It  is  thfiyght  that 
occa-sitmally  the  access  of  germs  t-o  the  cord  may  be  along  the  track 
of  nerve  trunks  when  a  purulent  neuritis  is  followed  by  an  ascend- 
ing neuritis  and  myelitis.  Cases  of  this  kind  are  rare  and  require 
furtluT  investigation.  I  have  never  seen  such  a  ca^e.  The  jxiison  of 
rabies  may  cause  an  infectious  myelitis. 

Cases  are  upon  record  in  which  myelitis  of  an  acute  t}^>e  has 
developed  subsequently  to  an  exposure  to  cold.     Thus  Sehultze  has 
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daBGribed  a  case  of  a  young  man,  otherwise  in  perfect  health,  who 
developed  an  acute  myelitis  after  travelling  in  a  very  cold  railway 
car  for  several  hours,  and  another  case  developing  in  a  young  man 
who  hunted  upon  a  very  cold  day  for  several  hours.  As  already 
stated  elsewhere^  it  is  probable  that  such  exposure  to  cold  results  in 
a  lowered  resisting  power  of  the  organs  to  the  invasion  of  bacteria 
already  j^resent  within  the  body  and  capable  of  setting  up  an 
inflanunatory  process  in  any  organ  whose  circulatory  condition  is 
materially  altered.  The  same  lowering  of  vitality  may  account  for 
the  successful  attack  by  the  bacteria  upon  the  s})in:il  cord  after 
blows,  injuries,  or  falls. 

The  class  of  the  communitj^  most  often  exposed  to  the  disease 
is  the  class  of  active  workers — porters,  longshoremen,  those  who  are 
accustomed  to  lifting  heavy  weight.s  or  doing  heavy  work,  and  those 
who  are  upon  their  feet  a  great  deal— also  sohhers  who  are  subject  to 
long  marches.  Overexertion  is  an  admitted  cause.  A  great  strain 
may  be  followed  either  by  hemorrhage  or  by  acute  myelitis.  Thus 
in  a  case  of  my  own  the  efT*jrt  made  l>y  a  porter  in  lifting  a  heavy 
box  resulted  in  a  sudden  attack  of  traiLsverse  myelitis  attended  by 
hemorrhage,  as  the  autopsy  demonstrated.  Falls  and  blows  upon 
the  back  are  saiil  to  l)e  responsible  for  some  cases  of  myelitis.  When 
these  produce  hemorrhage  the  symptoms  resulting  may  be  those  of 
a  transverse  or  disseminated  lesion,  but  an  acute  inflammatory  pro- 
cess is  rarely  set  up  liy  this  cause.  A  low  gratle  of  chronic  myelitis 
is  kno^Ti  to  follow  railway  injuries  and  other  severe  injuries  of  the 
spine,  but  cases  of  an  acute  inflammatory  myelitis  have  not  been 
observed,  A  certain  number  of  cjises  of  acute  myelitis  develop  after 
confinement.  Whether  these  are  due  to  infection  by  way  of  the 
uterus,  or  whether  they  are  due  to  aniemia  of  the  con!  conseciuent 
upon  hemorrhage,  or  whether  they  are  due  to  a  slowly  acting  venous 
congestion  <lue  to  general  enfeeblemeot,  ha.s  not  been  determined. 
Syphilis  is  a  common  cause  of  acute  myelitis.  If  the  cord  is  not 
affected  by  gunmiy  exudatituis  in  the  membranes  or  syphilitic 
deposits  within  the  cord  itself,  syphilitic  changes  in  the  bloodvessels 
with  obliterating  endarteritis  and  consequent  thrombosis  of  the  finer 
vessels  of  the  cord  is  the  method  by  which  the  disease  attacks  this 
organ.  The  forni  of  disease  described  by  Erb  as  syphihtic  spastic 
paralysis  has  been  found  to  be  a  chronic  myelomalacia  of  the  lower 
dorsal  region  due  to  endarteritis  with  secondary  degeneration.*  In 
some  forms  of  poisoning,  notably  lead,  mercury,  i>hosphorus,  and 
occasionally  alcohol,  disseminated  foci  of  myelitis  have  been  discov- 
ered, as  well  as  multii>le  neuritis^  and  this  ha*s  led  to  the  su[)position 
that  the  cord  may  be  directly  affected  by  toxins  and  toxic  ag;ents. 
That  certain  agents  have  a  selective  action  upon  the  spinal  cord  is 
evident  from  our  knowledge  of  the  action  of  strychnine,  which  excites 
its  activityj  anci  uf  the  coal-tar  jjroducts  and  bromide  and  chloral, 
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which  diminish  its  activity.  It  is  not  iiupossiltle  that  the  general 
feebleness  and  tremor  oeca.sionally  seen  in  clirtinie  broiukic  poisoning 
is  due  to  defective  nutrition  of  the  spinal  cord. 

Males  are  affected  more  frequently  than  females  by  acute  myelitis 
and  by  myelomalacia.  This  is  herause  they  are  more  commonly 
expCFsed  to  the  usual  caases  of  tlir  affection.  \Miile  no  age  is  exempt, 
the  majority  of  the  cases  occur  bt^iween  the  ages  of  twenty-five  and 
forty-five  years. 

Patlioloefy.  The  jiathologieal  changes  in  acute  myelitis  have  been 
best  described  by  Marinesc«j/  The  Incation  of  the  lesion  may  be 
limited  to  one  or  two  segments  of  the  cord,  under  which  circum- 
stances one  of  the  symptomatic  t\^3es  of  transverse  myelitis  is 
produced,  or  the  lesion  may  t>c  tlisseminated  through  the  various 
segments  of  the  corri,  normal  tissue  intervening  lietween  the  intlam- 
raatory  foci,  when  tlie  elinieal  itspect  is  that  of  disseminated  mye- 
litis. The  lesion  may  be  tliffuse  with  a  tendency  to  extend  from 
one  segment  tci  another,  either  upward  or  downward,  or  in  both 
directions  sinuiltaiieously,  in  which  case  the  clinical  picture  is  that 
of  general  myelitis  or  of  an  ascending  (>r  descentling  myelitis. 

The  gross  appearance  of  the  cord  is  not  alteretl  in  these  comljtions, 
though  palpation  may  reveal  certain  portions  opposite  the  lesion 
wliich  are  softenerl  to  the  touch.  On  cutting  the  cord  across  at  these 
softened  regions  it  swells  up  at  the  (Joint  of  section,  presenting  a  semi- 
fluid, creamy  c^msistency.  all  differentiation  betwei*n  gray  and  white 
matter  being  ol>literated,  and  the  mass  beitig  eith(T  wliite  and  yellow 
from  the  admixture  nf  |jus,  or  red  from  the  admixture  of  Ijlood.  When 
the  disintegration  has  not  l)een  so  extreme  the  cross-section  shows 
an  irregularity  of  the  iiemarcati<m  between  gray  and  white  matter, 
jioints  of  congestion,  and  irregular  ])laques  of  yellowish  or  reildish 
color,  as  evidence  of  infiltration  uf  the  curd  with  inflanunatory  cor- 
puscles. In  other  cases  pla<jues  here  anil  there  rrf  a  whitish-yellow 
color  indicate  the  formation  of  ctmnective  tissue  as  the  result  of  a 
process  which  hm  fully  run  its  course.  The  microscopic  api>earance 
of  a  section  of  the  cord  in  the  lesion  of  myelitis  is  shown  in  Figs.  121 
to  124. 

The  vessels  of  tlu*  cord  are  enormously  congested  everywhere,  and 
around  the  vessel  walls  emigrated  leucfH-ytes  and  small  nuclei  or 
round  cells  are  present.  Bacteria  are  to  Ih^  seen  by  appropriate 
staining,  many  lying  lo*jse  in  the  tissue,  having  come  from  the  bkx)d- 
vessels;  others  inciu^ed  in  leucocytes.  The  intense  congest irm  is 
attended  by  ryj^ture  of  the  vessels, and  small  hemorrhages  are  evident 
throughout  th(*  inflamed  tissue.  Such  hcinorThages  are  ])robably  the 
result  of  destructive  changes  in  the  vessel  walls  jiroduced  by  the 
bacteria.  The  infiltration  of  the  cord  by  leucocytes  is  most  exten- 
sive. (Fig.  122.)  They  collect  particularly  about  the  cells  of  the 
anterior   lajrns  of    the  cord,     (Fig.   V2'4.)     Tlie  cells  of  the  cord 
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destruction  buth  uf  the  cell  body  and  of  the  dendrites  and  axones, 
(Plate  XV.)  The  nerve  fibres  are  everywhere  compressed  by  the 
products  of  exudation,  and  such  compression  results  in  a  degen- 
eration.    The  myelin  sheath  of   the   nerve   fibre   may  be  directly 

Fig.  128. 
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Motor  Denrooe  body  of  wplnaJ  ccxnl  from  a  CMe  of  experfmentiil  injrelltls  produced  by  strepto- 
ooGCl.  The  cell  Is  iDvadcd  hj  leucocxtM,  wlthf □  wblcb  the  ■tret>t^c»CGl  Lre  Tliible.  (Marluttco, 
Intemailoiml  Medical  Congresi,  Paiiii,  19Q0.) 

attackeil  by  the  leucocytes  and  <lisintegrate^  h>rmiiig  fatty  globules. 
The  axis  cylinder  is  very  frequently  swollen  to  several  tinies  its 
normal  dionieter  by  the  imbibition  of  fluids.  As  a  result  of  this 
long-continued  tumefaction,  there  is  a  distention  of  the  interstitial 

FlO.  V14, 


Aonte  myolltli.  Cribrlfonn  Appearance,  due  lo  dIaieQtfon  of  the  sheath  and  aubMquent 
abtdrption  of  the  axoDea.  a.  Empty  apace,  b.  dwollen  axii  cyllndera.  c.  Normai  neire  fibre. 
IP.  Veawlt*    (Scbmaot,) 

framework,  and  when  the  cylinders  are  subsequently  disintegrated, 
degenerated,  and  absori>ed,  this  enlarged  sheath  is  left  as  a  ca\4ty, 
giving  the  cribriform  or  Swiss  cheese-like  appearance  to  the  cross- 
section  of  the  cord.     (Fig.  124.) 
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Acute  Myelitis,  Infiltrating  Form.     (Schmaus. ) 

*,  «t.  I*cS5  altered  tissue,  *,  ^i.  Swollen  fibreii.  c,  ci.  Distended  spaces  in  the  glia,  with  loss 
of  fibres,  d,  dx.  GrBtiular  cells  with  their  fat  removed,  /.  Kcmalna  of  destroyed  nerve  fibre. 
/-.  Vessel  with  many  red  and  white  cells.  To  the  Icit  of  the  picture  the  tissue  is  indltmted  with 
cells,  especially  iu  the  lympli  sheaths. 
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At  the  same  time  there  is  a  very  great  change  in  tlie  neuroglia 
eells.  They  Ijecoine  swollen »  are  iiiereased  in  number,  show  karyo- 
kinetic  figures,  an<l  produce  a  new  structure  of  neuroglia  ^\ithiii  the 
spinal  eord  (Kig.  125.)  Such  nodules  of  neuroglia  are  frequently 
crowded  with  microbes.  Mariiiescrj  cuiLsiders  that  thi.s  reaction  of  the 
neuroglia  cells  is  primary  and  i>roduced  l\v  the  ii-ritation  of  the 
microbes.  It  thus  tiiffers  from  the  secondary  sclerosis  tliat  follows 
upon  the  destruction  of  the  nerve  cells  and  fibres,  and  which  is  a 
replacement  hyperphusia.  The  change  in  tlie  nerve  cell  following  the 
sweUing  of  tlie  cell  is  a  jiallor  of  its  ehromatophile  elements  and  a 
chromatolysis  \nth  disintegration  of  the  achromatic  substance  and 

Fig.  is.**. 


MenttiKomyeliUf  of  tnfeocious  oriitin.  a.  Focus  of  acute  inilammAtion  and  liiaitraticiti  by  Qew 
oell».  The  murg^D  of  the  card  «nd  tbe  column  ofOoU  are  abo  tn  a  atat«or  Inftltmtion.  iMarloetco, 
InternatlonAt  Medical  Con^reei,  Paris.  1900,) 


gradual  mutilation  of  the  cell  body.  Granular  bodies  as  well  as  very 
numerous  fine  nuclear  cells  are  found  infiltrated  throughout  the  gray 
and  white  matter.  Many  of  these  cells  are  supposed  to  be  phagocytes 
in  process  of  destroying  the  myelin  and  the  axis  cylinders.  The  ten- 
dency iff  tliesp  |>hagocytes  to  invade  and  destroy  both  neurones  and 
fibres  of  the  nervous  tissue  has  led  Marinesco  to  name  them  '*  neuro- 
nophages/'  He  believes  that  many  of  them  come  from  i)roliferated 
neuroglia  cells,  \arious  bacteria  which  have  been  found  in  the 
spinal  cord,  producing  this  infectious  myelitis,  are  the  streptococciis» 
the  white  staphylococcus,  the  yellow  staphylococcus,  the  pneumo- 
coecus,  and  a  special  diplococcus. 


The  result  of  sueh  a  disintegratiuo  and  infljimmation  of  the  spinal 
cord  may  hie  its  total  destruction,  elianpng  it  into  a  sufteued  nr^s^y 
purulent  in  character.  This  is  the  condition  in  the  rajiidly  fatal  cases. 
In  other  cases  the  destructive  process  is  less  complete,  the  uiflam- 
matory  conditions  gradually  subside,  and  there  is  left  a  mass  of  scar 
tissue,  plaques  of  neuroglia  rej^lacing  the  nerve  elements  that  have 
been  destroyed.  Any  true  regeneration  of  these  nervous  elements 
in  the  spinal  cord  appears  to  be  impossible  when  the  inflamma- 
tion has  gone  beyond  a  certain  point.  It  is  true  that  the  cells  if 
not  seriousl)^  damaged  may  resume  their  function,  but  when  nerve 
fibres  within  the  spinal  cord  httvv  l:>een  disintegrated  no  regeneration 
appears  to  l>e  possible,  and  hence  |>ermanent  damage  to  tlie  cord  is 
always  the  result  of  an  acute  myelitis.  A  complicating  meningitis 
i8  not  infrequently  found  in  infectious  myelitis. 

There  are  many  cases  of  arute  myelitis  in  which  careful  inv^ti- 
gation  fails  to  reveal  the  presence  of  microbes.  It  is  possible,  first, 
that  the  microbes  have  been  present  antl  have  set  up  an  inflammatory 
process  but  have  subsequently  disappeared  from  the  foci  of  inflam- 
mation, a  condition  whicli  is  known  to  occur  in  other  organs;  or, 
secondly,  that  tlie  inflanmiatory  process  Ls  set  up  by  toxic  agents  in 
the  blood  or  toxins  and  not  by  tlie  direct  presence  of  bacteria.  That 
the  spijial  cord  can  be  attacked  l>y  toxins  is  e\ident  from  the  changes 
that  have  been  denionstratecl  in  it  in  vtises  of  alcohol,  arsenic,  and 
lead  jjoisoning  fs4*e  page  118)  fiillowiitg  diphtheria,  after  poisoning 
by  ergot,  by  htth}Tus,  and  by  strychnine.  Similar  changes  without 
l)acti»rial  influence  result  from  trauma  and  are  described  in  the 
chapter  u|jon  Injuries  of  the  Spinal  Cord. 


MYELOMALAOU. 

Myelomalacia  or  softening  of  the  spinal  cord  is  a  lesion  resulting 
from  emljolism  or  thromlx^sis  in  the  art(Ties  or  veins  of  the  sjiinal 
cord.  8uch  a  softening  may  be  red  when  accompanied  l)y  a  transu- 
dation of  blood  cells  or  by  minute  heniorriiages,  or  white  when  the 
condition  has  been  one  of  simple  death  of  the  tissue,  or  it  may  be 
yell(»w  if  the  process  is  not  i4>served  until  after  a  fatty  degeneration 
of  the  deljris  and  of  the  neuroglia  f/lements  has  ensued.  Microscopic 
examination  shows  a  mass  of  debris,  cells,  and  fibres  in  a  state  of 
disintegration,  balls  of  myelin,  swollen  or  small  granular  bits  of 
axones»  dn»|>s  of  fat,  and  red  blood  globules. 

In  all  of  these  CfinditiorLS  the  nenrfiglia  presents  a  state  of  liyper- 
phisia  with  nuclear  formations  which  may  be  either  primary  or 
secondary.  If  the  imtient  lives  and  the  products  of  disintegi-ation 
are  absorbetl  their  place  is  taken  by  new  connective  tissue,  leaving 
in  the  |>lace  of  the  nervous  tissue  masses  or  j>atches  of  sclerosis. 
The  initial  lesion,  as  well  as  the  sclerotic  patch  which  is  its  result, 
is  irre:'gular  in  outline  and  very  variable  in  extent,  the  conditions 
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being  such  as  to  prevent  any  strict  limitation  of  the  softening  in  any 
direction,  as  has  been  particularly  shown  by  Obersteiner  and  Red- 
lich.^  The  result  of  a  diminution  in  the  blood  supply  of  the  spinal 
cord,  of  a  suspension  of  nutrition  consequent  either  upon  ischsemia, 
or  upon  inflammatory  conditions,  is  a  parenchymatous  degeneration 
of  the  neurones  and  of  their  branches  in  the  region  affected;  hence 
the  changes  that  are  characteristic  of  myelomalacia  may  be  present 
in  the  vicinity  of  foci  of  acute  myelitis.  In  these  conditions  the  nerve 
cells  are  much  swollen  and  disintegrated,  the  nerve  fibres  are 
very  much  swollen,  producing  distention  of  their  sheaths  and  the 
cribriform  appearance  in  the  white  matter  of  the  spinal  cord  already 
described.  This  condition  should  be  considered  as  a  necrosis  rather 
than  as  an  acute  inflammation,  but  its  result  is  the  production  of 
scar  tissue  of  the  nature  of  neuroglia,  and  hence  the  terminal  state 
cannot  be  differentiated  from  the  terminal  state  produced  by  acute 
myelitis.  Sometimes,  however,  when  such  a  scar  is  distinctly  wedge 
shaped  wnth  base  toward  the  periphery  it  will  indicate  that  the  origin 
of  the  trouble  was  an  obstruction  in  a  vessel  entering  the  cord  from 
the  surface.  Marger*  has  demonstrated  that  out  of  seven  cases  of 
supposed  acute  myelitis  six  w^ere  cases  of  pure  necrosis,  and  Douglas 
Singer^  has  found  this  to  have  been  the  condition  in  seventeen  out  of 
nineteen  cases  examined  by  him.  The  chief  pathological  distinction 
between  this  form  and  the  one  already  described  consists  in  the 
absence  of  any  emigration  of  leucocytes  about  the  bloodvessels. 

In  many  cases  changes  in  the  walls  of  the  blood  vessels,  thickening  of 
the  intima,  or  an  infiltration  of  the  advent  it  ia,  or  a  true  endarteritis 
obliterans,  with  diminution  of  the  lumen  of  the  vessel  and  the  forma- 
tion of  thrombi  within  it,  have  been  observed.  Marger  believes  that 
the  spinal  cord  is  particularly  liable  to  the  formation  of  necrobiotic 
spots  on  account  of  the  peculiarity  of  its  circulation  and  the  defective 
anastomosis  between  the  branches  of  the  bloodvessels  entering  by 
the  anterior  fissure  and  those  entering  from  the  periphery  of  the 
cord.  It  would  seem  as  erroneous  to  call  these  changes  of  myelo- 
malacia myelitis  as  it  would  to  name  the  corresponding  changes  that 
occur  in  the  brain  after  embolic  and  thrombotic  softening  cerebritis. 
In  the  disease  clinically  described  as  myelitis  we  therefore  include 
cases  of  myelomalacia  or  pure  softening  of  the  spinal  tissue,  which, 
when  they  do  not  cause  death,  go  on  to  the  formation  of  sclerotic 
patches  in  the  spinal  cord.     (Plate  XVI.) 

Inasmuch  as  the  spinal  cord  does  not  appear  to-be  particularly 
susceptible  to  attacks  of  bacteria,  as  is  shown  by  the  rarity  of  mye- 
litis as  a  complication  of  the  infectious  diseases,  it  seems  probable 
that  the  majority  of  the  cases  of  so-called  acute  myelitis  are  really 
of  vascular  origin.  Whether  a  clinical  distinction  can  be  reached 
between  these  two  types  on  account  of  the  development  in  the  infec- 

1   Handbuch  der  prakt.  Med.  Ebstein  and  Schwalbe,  1900. 
'  Uebcr  Myelitis  Acuta,  Obersteiner's  Arbeiten,  1900. 
s  Douglas  Singer.     Brain,  1902. 


tioas  type  of  a  marked  febrile  invasion  with  syniptoiiLs  of  an  acin 
infection  and  leucocytf)sis,  which  are  wholly  ateent  in  the  second 
type,  is  a  matter  for  further  investigation.  But  the  fact'^?  already 
cited  in  regard  to  twTj  separate  and  distinct  modes  of  invasion  in 
pohomyehtis  would  point  to  the  possibility  of  a  similar  distinction 
in  cases  of  acute  myelitis.  And  the  nmch  greater  frequency  of 
U>sions  in  the  brain  depending  upon  vascular  chang(?s  and  vascular 
disease  gives  certain  grounds  for  the  hypothesis  that  lesions  of  the 
spinal  cord  hitherto  thought  to  be  inflammatory  in  nature  are 
actually  secondary  to  vai*eular  disease.  TliLs  fact,  first  pointed 
out  with  nnieh  force  by  R,  T.  Williamson^  has  been  substantiated 
by  many  subsequent  wTit^ers^  and  is  now  generally  accei)ted. 

The  so-called  spinal  spastic  paralysis  of  syi)hilitie  origin  described 
by  Erb  and  know^n  as  spinal  s}T>hiUtic  paraplegia  is  really  a  myelo- 
malacia of  the  mid-dorsal  region  of  the  cord  due  to  endarteritis 
obliterans  of  syphilitic  origin  anil  followed  by  secondary  ilegenera- 
tions.  This  is  admitted  by  Erb  in  a  recent  review  of  the  subject' 
from  a  stuily  of  the  pathology  of  a  number  of  cases. 

Secondary  Degenerations,  When,  in  transverse  myelitis  or  in 
softening  c^r  injmv  i)f  the  sjiinal  cord,  destruction  of  the  nerve  fibres 
passing  tlirungh  the  segment  affected  occurs,  tliese  filires  are  neces- 
sarily  cut  off  from  their  connection  with  their  cell  bodies.  And 
ioa^iiHich  as  such  a  severance  of  connection  is  always  followed  by 
a  degeneration  from  the  point  of  injury  to  the  peripheral  termination 
of  the  fibre,  it  follows  that,  as  a  result  of  a  limited  transverse  lesion 
in  the  cord,  extensive  secondary  degenerations  are  protluced.  These 
degenerations  begin  vnthin  twenty-four  hours  of  the  original  lesion, 
and  gfi  on  i*rogressive]y  f*>r  six  or  eight  weeks  until  the  nerx^e  fibres 
are  ciimpletely  broken  ilown,  Asa  result  of  this  degeneration  both 
the  axone  and  the  myelin  about  it  are  disintegrated  and  finally 
liquefied  and  absorbed.  Hand-in -hand  with  this  progressive  degen- 
eration of  the  fibres  there  oeeurs  a  compensatory  thickening  of  the 
n'^LH'oglia,  forming  a  framewc^rk  about  the  fil>res,  antl  hence  :i^  the 
terminal  Ii*si**n  of  such  sectmclary  degenerations  we  have  sclerotic 
conditions  in  the  cord,  of  greater  or  less  extent,  according  to  the 
greater  or  less  extent  of  the  fibres  originallv  degenerated.  (See 
Plate  XVII) 

li(*low  the  lesion  such  degeneration  is  termed  descending  degen- 
eration .because  it  affects  the  fil>res  whose  neurone  l)odies  lie  at  or 
above  the  transverse  lesion.  Such  descending  degeneration  is  very 
extensive  near  Ur  the  lesion,  inasnuich  as  there  are  descending  fibres 
in  all  the  vari^nis  columns  of  the  sjiinal  cord.  (Plate  XVII.,  I).  VIIL) 
At  a  distance  of  several  segments  below  the  lesion  the  descending 
degeneration  is  more  closely  limited  to  the  long-descending  columns 
of  the  conL  It  is  then  manifest  chiefly  in  the  anterior  median  and  in 
the  lateral  pyramidal  tracts  which  contain  the  long  motor  fibres  from 

(  MAiieht;4ter  Mcdic^  Chronlcli-,  1S95.  >  Loiicet,  October  13,  nM)2, 


4 


DEGENEEATIONS  IN  THE  SPINAL  CORD. 


349 


the  brain  to  the  anterior  horns  of  the  cord.  (Plate  X\'IL,D.XI,) 
There  are  descending  degenerations  also  evident  for  several  segments 
in  tlie  anterior  and  antero-Iateral  eohnnns,  these  degenerating  fibres 
being  in  the  association  tracts  of  tlie  eord,  (See  page  186.)  In  the 
columns  of  Burdaeli  there  is  also  a  small  area  of  degeneration,  tlie 
eoninia-shaped  eolumn  of  Sehultze,  which  degenerates  downward  for 
three  or  four  segments.  (Plate  XVII.,  D.  X,)  This  column  contains 
fibres  of  the  posterior  nerve  r^jots  which  turn  downward  after  their 
entrance  into  the  cord  and  terminate  in  the  gray  matter  of  the 
third  or  fourth  segment  below  their  entrance.  In  the  column  of 
Goll,  adjacent  to  the  conmiissure  lie  a  few^  fibres  which  degenerate 
downward  for  a  short  distance  after  a  transverse  lesion.  If  the 
transverse  lesion  is  in  the  lumbar  or  Ujjper  sacral  region  there  is 
a  descending  degeneration  in  the  septomarginal  tract— oval  field  of 
Flechsig,     (Plate  XVII.,  S.  TIL) 

Ascenthng  degeneration  after  a  transverse  lesion  is  found  in  the 
anterior  and  antero-Iateral  colunnis  of  the  corrl  for  a  short  distance, 
the  association  fibn'^  whose  neurone  bodies  lie  in  the  parts  below  the 
Jesion  degenerating  upward.  The  column  of  Burdach  is  very  con- 
aderably  degenerated  above  the  level  of  the  lesion^and  the  fibres  of 
"tiie  posterior  nerves,  which  come  into  the  damaged  segment,  degen- 
erate upward  together  with  other  fibres  that  have  entered  the  cord 
Ijehiw  the  level  of  the  lesion»  but  have  not  yet  terminated  in  the 
posterior  horns.  But  as  normal  posterior  nerve  roots  enter  the 
column  of  Burdach  at  levels  above  the  lesion,  the  area  of  ascending 
degeneration  in  this  column  becomes  more  and  more  limited  as  higher 
levels  are  examined.  The  cohinin  of  Goll  degenerates  upward  in  its 
entire  length  after  a  transverse  lesion  of  the  cord,  but  the  extent  of 
this  degeneration  iti  any  single  segment  will  depend  upon  the  level 
of  the  transverse  lesion.  It  will  be  remembered  that  the  colunm  of 
Goll  contains  all  the  fibres  from  the  saorab  lumbar^  and  mid-dorsal 
segments  of  the  cord  that  pass  upward  to  the  medulla.  The  higher 
the  level  of  the  lesion  in  the  cord  the  greater  the  extent  of  the  degen- 
eration in  the  column  of  Goll.  Pigs.  47  and  48  show  the  varying 
extent  of  secondary  degenerations  after  transverse  lesions  at  different 
levels.  The  direct  cerebelhir  colunm  degenerates  upward  after  a 
transverse  lesion  of  the  cord.  Such  ascending  degeneration  is  not 
evident,  however,  if  the  lesion  lies  in  the  lumbar  or  sacral  region, 
inasmuch  as  this  column  begins  at  the  first  lumbar  segnirrjt.  The 
higher  the  level  of  the  lesion  the  greater  the  area  of  degtMieration  in 
tins  column.  The  column  iA  Gowers  f antero-Iateral  ascending  tract) 
degenerates  upward  in  its  entire  length  after  a  transverse  lesion  of 
the  cord,  and  tlie  area  of  this  degeneration  is  greater  the  higher  the 
level  of  the  transverse  lesion.  These  degenerations  are  well  shown 
by  the  Marchi  stain  in  Plate  XVII. 

Secondary  degeneration  occurs  after  compression  or  lesion  of  the 
cord  at  a  single  segment  from  whatever  cause :  thus,  the  compression 
of  the  cord  by  tumors,  or  by  caries  of  the  spinal  column,  or  injuries 
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of  the  c'(ird  by  fractures  of  the  spine,  or  by  hemorrhages  outside  or 
within  the  cord,  or  by  wounds  of  the  cord  are  followed  hy  tliese 
serondtiry  degeneratioits. 

Symptoms.  The  symptoms  occurring  in  myelitis  and  myeloma- 
lacia depend  chiefiy  ujton  the  loeatinn  of  the  lesion.  Two  kinds  of 
symptoms  dev^elop  which  can  be  sharply  differentiated  from  one 
another.  The  first  class  of  symptoms  may  lie  termed  direct  symp- 
toms, and  are  due  to  destruction  of  the  elements  of  the  spinal  cord 
at  the  i)oint  of  lesion.  These  consist  of  (a)  {paralysis*  atrophy,  and 
reaction  of  degeneration  in  the  muscles  which  an^  supplied  by  t\w 
cells  of  the  anterior  horns  destroyed;  ih)  loss  of  the  reflex  ad  ion 
controlled  by  the  segment  which  is  affected;  fc)  partestliesia  and 
ana'sthesia  in  the  area  of  skin  related  to  the  segment  which  is  de- 
stroyed. The  region  of  anaesthesia,  as  outlined  upon  the  body  of  the 
patient  when  compared  with  Plati^  XIII.,  page  193^  is  the  best  guide 
to  the  exact  level  of  the  lesion.  There  may  be  a  condition  of  hyper- 
aasthesia  just  above  the  level  of  anaesthesia  corresponding  to  the  two 
segments  of  the  cord  just  above  the  level  of  the  lesion.  There  is 
usually  pain,  and  ttMiderness  to  pressure  in  the  back.  Hot  applica- 
tions are  painful  opposite  the  segment  of  the  cord  which  is  invaile^L 
Tliis  is  due  to  the  hypersensitive  condition  of  the  segments  just 
above  the  lesif»n. 

The  second  class  of  symptoms  may  be  termed  indirect  symptoms, 
and  are  produced  by  the  cutting  off  of  impulses  to  and  from  the  parts 
of  the  cord  below  the  point  of  injury.  It  will  be  remembered  that 
the  cord  transmits  many  impulses  upward  and  downward  to  and 
from  the  lirain.  In  transverse  myelitis  tlie  tracts  conveying  these 
impulses  are  tlarnaged:  hence  a  certain  numl>er  of  syni|)toms  develop, 
due  to  interruption  of  the  motor  tracts  to  the  partvS  below  the  lesion 
and  to  interruption  of  the  sensory  tracts  from  the  parts  below  the 
lesion.  These  intlirect  symjitorns  are  associated  with  the  secondary 
degenerations  already  mentioned  as  a  result  of  the  lesion.  Such 
indirect  symijtoms  are  (>/)  motor,  consisting  of  paralysis  of  voluntary 
motion  in  the  legs  with  an  increase  of  mascular  tone  in  the  paralyzed 
muscles.  These  become  rigitbhave  a  tendency  to  contractif ni,  and  pro* 
duce  sj»asms  and  eorrtractures,  with  deformities  in  the  jt>ints.  Such 
paralyzed  rnus(*les  are  not  atrophied  and  luive  no  reaction  (if  degen- 
eration; (6)  the  reflexes  are  markedly  increased  in  the  jiarts  below 
the  lesion,  so  that  an  exaggerated  knee-jerk,  a  crossed  adductor  reflex 
(tapping  on  the  knee  of  one  side  pn>duces  adduction  of  the  opjKJsite 
thigh),  ankle  clonus,  and  Babinski's  reflex  are  present;  {c)  there 
is  a  loss  of  the  control  of  the  bladder  and  rectum,  attended  by 
retention  of  urine  and  involuntary  evacuations  of  tht*  bowel:  (d) 
seosatioas  in  the  parts  below^  the  level  of  the  lesion  are  unifonnly 
impaired  in  all  cfualitie^s:  toucli,  temperatore,  jjain^  and  the  mus- 
cnlar  sense  being  affected;  (e)  trophic  symptoms,  especially  bed- 
sores over  the  sacrum,  trochanters,  and  heels  and  ankles.  These  de- 
velop early,  on  account  of  venous  congestion  in  the  skin,  intensified 
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by  too  loiig-pontimied  pressure,  the  position  not  heiiig  changed  and 
the  skin  being  irritated  by  fine  particles  of  dirt  or  inJFeeted  through 
small  abrasions:  they  oft^n  l>ec'onie  extensive  and  deep,  secrete  an 
ichorous  J  offensive  discharge,  expose  the  Ijone,  which  becomes  necrotic, 
and  cause  a  general  septic  con<lition  wliich  niay  be  fatal:  cystitis 
is  asually  to  be  ascribed  to  infection  from  dirty  catheters  or  by  au 
ascending  uretliritis,  and  is  rarely,  if  ever,  a  trophic  lesion  of  the 
bladtler;  (/)  vasomotor  dtsturlninces,  consisting  of  blueness  and 
coldness  of  tlie  skin,  distention  nf  tlie  veins,  and  increase  of  swcat. 
The  sweat  may  be  oflensive. 

The  onset  of  these  symptonLs  may  be  sudden,  or  they  ina\'  develop 
gradually  in  the  course  of  a  week  or  ten  days.  In  the  acute  cases, 
which  come  \n\  within  a  few  hours,  the  probable  condition  is  one  of 
myelomalacia  uv  a  inimary  vascuhu^  lesi<>n.  In  the  subacute  cases, 
wliich  develijp  more  slowly,  an  infectious  or  inflammatory  origin  is 
more  likely.  The  occuiTcnce  of  a  rise  of  temperature  and  marked 
febrile  symptoms  point  to  the  latter  condition. 

The  course  cjf  the  case  is  a  slow  c^ie,  and  t!ie  gradual  recovery  from 
the  severe  paralysis  to  the  state  of  partial  incapacity  takes  several 
months  or  yeai's.  The  patients  are  said  to  be  in  a  state  of  chronic 
myelitis  during  their  life  of  invalidism-  Occasionally  in  the  lighter 
cases  comi»lete  recovery  ensues.  But  the  damage  to  the  cord,  if 
serious,  cannot  bp  repaired,  and  hence  no  complete  or  jjermanent 
recover}^  is  jjossible.  On  the  otiier  hand,  if  the  causes  of  death, 
which  are  cystitis,  inflammation  of  the  rectum,  sepsis  from  bed-sores, 
and  pneumonia,  can  be  avoided  by  care  and  attentif*n  to  the  patient, 
the  prospect  of  recovery  from  tlie  attack  is  good.  A  permanent 
condition  of  chronic  myelitis,  the  result  of  secondary  degenerations, 
remains  fur  the  rest  of  the  patient  s  life,  and  this  Ls  manifest  by  a 
greater  or  less  degree  of  spastic  paraplegia  in  which  the  limbs  are 
stiff,  the  knees  overlap  in  walking,  there  is  trepidation  of  the  feet 
when  the  weight  rests  nn  the  ball  of  the  foot;  there  are  spasmodic 
contractions  antl  cramps  in  the  legs,  there  is  more  or  less  loss  of 
sensibility  in  the  limljs,  ami  an  inactivity  of  the  bladder  and  rectum, 
so  that  the  catheter  has  to  be  used  regularly  and  the  rectum  waslied 
out  regularly.  Hence  a  state  of  invalidism  renuiins,  from  which, 
however,  the  patients  do  not  <iie  uiiless  some  complication  arises. 
The  chief  danger  to  which  they  are  subject  is  an  infection  by  the 
catheter,  consequent  cystitis,  )nelfme^phritis,  aod  uraemia. 

These  various  symptoms  of  myelitis  occur  in  varying  combinations. 
The  most  common  type  is  transverse  dorsal  myelitis,  of  which  the 
following  case  is  a  fair  example  and  demonstrates  the  course  of  the 
disease  as  well  as  the  various  symptoms  which  appear. 

Male,  aged  fifty-six  years,  of  good  habits,  not  syphilitic  and  per- 
fectly healthy^  after  a  long  walk  jierceived  sensations  of  numlmess 
and  tingling  in  the  feet  and  legs  as  high  as  the  knees.  Instead  of 
r(^sting,  he  attempted  by  further  walking  to  wear  ofi'  tins  numlmess, 
but  before  he  had  proceeded  one-half  a  mile  was  conscious  of  great 
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weakness  in  the  feet  and  legs,  and  within  one-half  hour  was  con- 
siderably paralyzed,  so  as  to  be  unable  to  stand.  The  paralysis  was 
total  in  the  legs  below  the  knees.  It  was  impossible  to  pnll  the  knees 
u]>  in  bedj  though  they  could  be  extended  and  shghtly  addueted. 
Within  two  hours  all  sensalitm  was  lost  up  to  the  level  of  an  inch 
below  the  umbilicus,  and  at  this  point  a  distinct  girdle  sensation  was 
perceived.  Examination  showed  loss  of  sease  of  touch,  tetnjH'rature, 
and  pain  up  to  this  level,  and  for  two  inches  above  this  level  a  con- 
dition of  extrenie  hyjiera'sthesia  to  touch,  pain,  and  teniperature. 
The  nmscylar  sense  w:is  not  lost  in  the  legs,  and  all  changes  of  posi- 
tion in  the  ffX't  and  toes  was  acutely  jierceivecL  Retention  of  urine 
was  present,  and  there  were  no  sensations  in  the  rectum  and  no  con- 
trol over  its  action.  There  were  no  symptoms  aliove  the  level  of  the 
umljilicus.  There  was  no  fever.  This  condition  remained  stationary 
for  about  four  months,  during  wliich  time,  by  care  in  the  emptying 
of  the  bladder  and  of  the  rectum,  and  liV  frequent  change  in  the 
position  of  the  patient  in  bed,  com}jlieating  cystitis,  proctitis,  and 
bed*sores,  which  were  constantly  threatened,  were  avoided.  The 
patient  then  l>egan  to  recover  sliglitly  the  power  in  the  legs,  but  was 
nnieh  troubled  by  twitcliing  of  the  muscles  and  sudden  spa.smodic 
contractions  of  the  legs,  sometimes  in  the  form  of  flexion  of  the 
knees,  sometimes  in  the  form  of  extension  of  the  foot.  The  par- 
alyzed muscles  did  not  atrophy,  and  the  electrical  reaction  remained 
normal.  Knee-jerks,  which  were  completely  lost  diuing  the  first 
week,  then  returned  and  gradually  became  exaggerated^  and  after 
two  weeks  ankle  clomis,  Babinski's  reflex,  and  crossed  reflex  of  the 
knees  appeared  and  have  euntinued,  A  gradual  [irogressive  re- 
covery of  power  and  of  sensation  ensued  during  the  following  two 
years,  but  wms  attended  by  an  increa.sitig  rigidity  of  the  legs.  His 
sexual  power  retmned.  A  stationary  condition  ha.s  remained  for 
four  years  in  which  the  patient  ha^s  a  spastic  rigidity  of  both  legs, 
and,  though  able  to  walk,  floes  so  with  stiffness  and  great  efi'ort 
with  the  aitl  of  two  canes,  there  being  tendency  of  the  knees  to 
overlap,  a  chagging  of  the  feet,  and  a  frequent  trepidation  of  the 
foot  when  the  weight  hai)|M;*ns  to  rest  upon  the  ball  of  the  toe. 
It  is  impossible  for  him  to  rise  from  the  chair  or  to  sit  dowTi 
without  assistance.  There  luis  never  been  a  return  of  the  control 
of  the  Ijladder  and  rectum,  there  being  retention  of  urine,  which 
is  relieved  by  the  catheter.  Sensations  have  returned  in  the  pre- 
viously ana'sthetic  area,  l>ut  are  by  no  means  a.s  keen  as  in  the 
hands  and  arms.  The  girdle  sensatinn  renunned  for  two  years  and 
then  subsided.     There  is  no  longer  a  zone  of  hypenesthesia. 

It  is  evident  from  this  case  that  there  was  an  acute  onBct,  then  a 
stationary  period  lasting  several  months,  and  tlu*n  a  gradual  im- 
provement, which  progresseil  ftir  six  years,  lea^lng  the  man  at  the 
end  of  that  time  in  a  stationary  ctmditinn  from  which  no  recovery 
is  likely.  The  level  of  the  lesion  was  the  tenth  dorsal  segment,  as 
was  shown  by  the  level  of  the  aniesthesia.     Inasnmch  m  the  func- 
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tioo.s  of  the  tenth  dorsal  segment  of  the  coril  are  ver}"  few,  the 
direct  symptoms  in  this  ciise  were  quite  suliordirmte  to  the  indirect 
symptoms  due  to  a  cutting  off  of  the  tracts  passing  through  this 
segment. 

I  have  seen  a  case  in  which  a  rapidly  advancing  transverse  myelitis 
at  the  sixth  dorsal  segment  left  the  patient  tfjtally  paralyzed  and 
absolutely  aniesthetic  below  this  level.  This  condition  had  i>een 
present  four  years  when  I  saw  him,  and  during  all  this  tinje  bed- 
sores had  been  prevented  In' having  him  turned  in  bed  every  half- 
hour  day  and  night.  The  pressure  of  his  body  weight  causcfl  a  red- 
neas^  followed  by  cyanosis  in  the  skin,  which  would  surely  have  gone 
on  to  abed-sore  had  tliis  change  of  pttsture  not  l)een  made.  In  this 
patient,  althougli  all  sensation  was  abolished  below  the  level  of  the 
piglith  intercostal  nerve,  any  irritation  of  the  skin  in  the  ana-stlietic 
region  [iroduced  a  sensation  which  was.  referred  to  the  skin  in  the 
hyiHTiesthetic  band  at  the  level  of  t!ie  sixth  intercostal  nerve.  Such 
erroneiHis  location  of  sensations  I  have  obser\'ed  in  several  cases  of 
my{*htis,  hut  Ivave  not  seen  it  described. 

Transverse  himbar  myelitis  is  the  next  most  comuKjn  form  of 
myelitis,  and  ht^re  the  U^sion  n)ay  be  limited  to  the  lumbar  segments 
or  may  involve  l>otli  lumlKxr  and  sacral  segments  of  tlie  spinal  cord. 
As  an  example,  the  following  ca^e  may  be  cited: 

Male,  aged  sixty  years,  of  fairly  good  habits  and  withtait  any 
ascertainable  cause,  was  suddenly  attacked  by  a  tingling  and  numb- 
net?!s  in  the  h^gs  as  high  as  the  knees  antl  in  tlie  gluteal  region.  This 
mnidmess  was  followeil  in  the  course  of  twenty-four  hours  l>y  a 
condition  of  marked  weakness  in  the  feet  and  legs,  with  dro|>foot 
and  with  retention  of  urine  and  inability  to  control  the  rectum. 
He  had  considerable  dull  pain  in  the  back  over  the  sacrum  and 
down  the  back  of  the  thighs  and  legs.  Within  four  hours  of  the 
onset  he  was  completely  unable  to  move  his  legs  in  bed  in  any 
ilirection,  though  wlien  the  knees  were  pullcil  up  slight  adductor 
movements  of  the  thighs  could  i>e  produced  voluntarily.  An  exten- 
sive area  of  anaesthesia  was  found  in  tlie  legs  and  in  tlie  liack  and 
outer  part  of  the  thighs,  but  a  funnel-shaped  zone  on  the  front  of 
the  thigh  was  found  hypersensitive  rather  tlian  anaesthetic,  and  there 
was  no  disturbance  of  sensation  above  the  level  of  Poupart's  ligament 
in  front.  The  knee-jerks  were  lost,  the  muscles  that  were  paralyzed 
in  the  legs  wt^rf*  flaccid,  soft,  and  soon  lu^gan  to  atrophy,  later  on 
showing  i^ai'tial  reaction  of  degeneration.  He  had  a  slight  fever, 
the  tenifHTature  ^'ar^ing  from  99.5^  to  101^  F.  for  sLx  da>*s,  when 
it  became  normal.  At  the  ent!  of  two  weeks  all  the  symptoms  began 
slowly  to  impn»ve.  In  the  course  nf  three  months  he  had  begun  in 
move  his  limbs,  though  by  this  time  tliey  were  markerlly  atropliied. 
He  had  developed  a  cystitis  due  to  imjierfect  catheterization,  and  was 
still  unable  to  control  the  action  of  his  rectum.  The  anaesthesia, 
though  present,  was  marke<ily  cUminished  in  inteiLsity,  and  there  was 
no  point  uj>on  the  limbs  where  sensations  of  toucli  and  pain  could 
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not  be  located.  A  subjective  tliJTerenee,  however,  betwt^en  the  sen- 
sations of  touch,  temperature,  and  pain,  as  felt  in  the  legs  anil  hands, 
was  present.  During  the  following  three  months  the  improvement 
gmduaily  went  on,  and  soveo  months  after  the  onset  he  was  able  to 
walk  with  a  cane,  but  was  still  unable  to  go  up  and  down  stairs. 
He  could  rise  from  a  chair  by  the  aid  of  his  hands,  but  in  walking 
there  was  a  marked  weakness  of  all  the  muscles  anil  a  tentlency  to 
droj>foot.  Numbness  was  present  over  the  legs  and  back  of  the 
thighs,  and  it  was  still  necessary  to  u^e  a  catheter.  This  ct»ndition 
ha^i  persisted  for  the  fjast  five  years,  the  legs  l>eing  weak,  thin,  and 
somewhat  insensitive.  The  knee-jerks  have  never  retunietl,  and  the 
action  of  the  bladder  has  still  to  he  assisted.  He  Ls  impotent.  The 
entire  lumbo-sacral  enlargement  u(i  to  the  second  lumliar  segment 
was  evidently  diseased,  but  the  lesion  was  nowhere  so  completely 
destructive  as  to  suspend  motor  and  sensory  functions. 

I  have  seen  a  similar  case,  developing  after  a  confinement  that 
ha4l  been  attended  by  profuse  hernnrrhage  but  no  ati}iarent  sepsis. 
This  j)ati**nt  went  on  slowly  to  ennjjdete  recovery  in  six  months. 

When  the  cervical  region  of  the  cord  is  invaded  by  transverse 
myelitis  the  ilirect  s)Tnptoms  ap]^ear  in  the  arms  and  hands,  the 
liands  and  arms  below  the  elbow  being  affected  if  the  lesion  is  in  the 
lower  part  of  the  cervical  region,  and  the  arms  and  slioulders  if  the 
lesion  is  as  high  as  the  fifth  cervical  segment.  A  rapid  onset  of  total 
paralysis  with  anaesthesia  and  reaction  of  ilegeneration  in  the  mus- 
cles affected  and  loss  of  their  reflex  activity  occurs,  tite  aiuestliesia 
on  the  body,  huwever,  being  often  lower  down  tlian  ujight  be  ex- 
[lected  in  a  cervicMl  li*si<>n  of  the  c(*rd.  Thus  in  a  case  uf  sudden 
onset  of  paralysis  atTerting  both  hands  and  nmsck^  of  the  foreajms, 
excepting  tlie  supinator  longiLs,  anil  attended  by  antesthesia  in  the 
inner  surface  of  tlie  arrn  and  in  the  greater  part  of  the  forearm, 
excepting  the  radial  side,  the  anaesthesia  upon  tlir  trunk,  together 
with  the  zone  of  fiypera\sthesia  above  it,  was  below  the  level  of 
the  nipple.  Paral^^sis  of  the  sympathetic  in  the  neck,  causing  a 
narrowing  of  the  palpebral  fissure,  retraction  of  the  eyeball  and 
a  loss  of  dilatation  of  tlie  pupil  on  irritation  of  the  neck  were 
present. 

The  indirect  symptoms  of  spastic  jmralysis  in  the  legs  develop 
early.  The  knee-jerks  are  exaggerated,  ankle  clonus  appears,  the  legs 
are  stiff  and  rigid,  and  subject  to  ijuick  sharp  spasms  of  a  painful 
charactf*r,  and  cnnnps.  There  is  usually  retention  nf  urine,  though 
nccasionally  i\w  bladder  may  entpty  itself  suddenly  without  the 
control  of  the  patient.  There  is  no  control  of  the  rectum,  which 
may  act  in  the  same  manner  as  the  bla4ider  when  full.  In  these 
eases  it  is  not  uncommon  for  pria]>ism  to  occur.  These  cases  are 
more  dangerous  than  those  of  transverse  myelitis  nf  the  dorsal  and 
lumbar  region,  because  of  the  possibility  of  an  ascemhng  myelitis 
which  may  invade  the  cells  governing  the  phrenic  nerve  and  cause 
death  by  resjjiratory  paralysis. 


r  BO  GNOSIS  OF  MYELITIS, 


365 


In  ilis?PiiiinMtp<l  myelitis  the  sjinptoms  of  pamlynis  with  atrophy 
aiKl  disturl>an(T8  of  sefisatiori  are  fiune  extensive  tlian  in  eases  of 
transverse  legion,  uixl  symptoms  appear  both  in  the  legs,  body,  and 
arms  simultaneously  or  in  rapid  succession .  A  few  itiiuseles  in  each 
limlj  may  be  i»ifkeil  <iut  by  the  i>araly.sis^  adjacent  muscles  being 
weak^  but  showing  no  tendency  tti  atropliy  or  reaction  of  degenera- 
tion. A  ilisturbance  of  seasiljility  is  asually  marked^  but  does  not 
go  on  to  a  total  anaesthesia.  There  is  commonly  a  loss  of  bladder 
ant  I  rectal  control.  I  have  never  seen  a  case  of  iliaseminated  mye- 
litis, but  in  the  following  history  b}^  Taylor^  there  is  a  fair  illus- 
tration of  the  course  of  the  case: 

A  man,  aged  thirty-two  yeans,  slipped  while  getting  off  a  train 
and  received  a  slight  shock,  but  did  not  fall  to  the  ground  His 
l>ody  was  bent  backward,  and  he  stepped  forward  suddenly  in  order 
to  preserve  his  balance.  At  this  tinu*  lu^  felt  a  little  pain  in  his  loins 
and  soon  after  jiains  througlH>ut  his  Imdy.  He  continued  his  work 
for  the  two  following  days.  On  the  third  day,  after  a  long  walk  and 
an  exposure  to  wet,  be  found  liimself  unalile  to  hold  his  water,  (Jn 
t!ie  ftnirth  day  he  felt  weakness  in  the  legs  and  had  dittieulty  in 
widking  home.  A  <lay  later  there  wTt.s  marked  weakness  of  the  legs, 
retention  of  urine,  and  considerable  numbness  in  the  legs,  and  the 
day  after  he  was  confined  to  his  bed  with  paralysis.  On  the  ninth 
day  after  the  injury  he  had  invoUnitary  movements  and  a  tempera- 
ture of  102^  and  i(«°  F.  He  was  tlien  taken  to  tiie  hospital,  and 
on  the  twelfth  day  after  the  injury  was  found  to  be  completely  par- 
alyzed in  the  lower  extremities,  was  able  to  move  only  the  liead  and 
hands,  the  hands  lieing  weak.  The  lower  part  of  his  chest  was 
immovable  and  the  breathing  was  diaphragmatie.  His  voice  was 
clear,  but  he  had  a  short,  weak  cough,  and  eould  nnt  expectorate. 
The  abdomen  was  tense,  tympanitic,  not  resistive.  He  liad  a  com- 
filete  toss  of  sensation  up  to  the  level  of  the  seventh  rib  on  both  sides. 
There  was  a  sensatitin  of  pins  and  needles  in  the  upy)er  extremities, 
liut  not  in  the  lower.  There  was  no  reHe*x  action  in  the  legs  and 
the  muscles  were  not  rigid.  Electricid  reactions  were  normaL  Tem- 
perature continued  higlj,  10L5°  and  104*^  F.  Three  days  later  he  had 
entire  loss  of  power  io  the  rigid  hand,  and  the  tlioracic  muscles  were 
completely  |>aralyzed.  There  were  cystitis  and  febrile  sym|>toms, 
and  he  was  delirious.  The  following  day  his  ilyspiaea  was  excessive 
and  he  spoke  wdth  difficulty.  He  eould  still  move  his  left  hand 
slightly.  He  died  of  exhaustion.  The  autopsy  showed  an  extensive 
softening  of  the  sj^inal  cord  from  a  point  three  inches  above  the  lower 
extremity  to  a  pf>int  nine*  inches  higher  u|),  the  softening  being  dis- 
seminated in  small  patches  irregular  in  size. 

Prognosis.  In  the  early  stage  of  myelitis  a  very  guarded  prognosis 
must  Ix'  given.  It  is  impossible  bi  tell  to  what  extent  or  severity 
the  symptoMLs  may  develoji,  and  until  the  progress  is  arresteil  the 
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outlook  is  always  ^^pri(nls.  Infectious  ctises,  especially  those  that  are 
eecurulary,  have  a  hett^^r  chance  of  recovery  thau  eases  due  to  ilisease 
of  the  l)loodves8els,  and  the  slower  the  onset  of  the  symptom^s  the 
better  the  chance  of  their  arrest.  The  more  al)solute  the  ana^thesia 
in  any  case  the  w^orse  is  the  pro^jn^jsLs.  The  greater  the  pain  in  the 
back,  especially  if  it  is  attended  Ijy  rigidity  nf  the  spine,  or  sptu^njs 
in  the  legs,  the  worse  the  prognosis.  After  the  acute  onset  the 
prognosis  will  depend  on  the  severity  of  the  symptoms.  Bed-sores 
and  cystitis  make  the  outlook  less  hopefuL  After  very  complete  par- 
alysis I  have  seen  a  slow  but  pn^gressive  iniprovement  and  a  return 
of  power  to  walk.  It  is  always  well  to  hold  out  the  hope  of  some 
improvement  for  two  years.  .After  that  time  no  change  can  Ije 
expected.  The  younger  the  patient  the  more  \igorous  his  general 
condition,  and  the  better  his  habits  the  better  his  chances, 

TreatmeBt.  Absolute  rest  in  bed  must  be  enforced  from  the  out- 
set. The  patient  should  lie  in  a  prone  iiosition,  if  possible,  and  great 
care  should  be  taken  to  change  tlie  position  at  legist  every  half-hour 
and  to  80  distril)ute  the  weiglit.  by  means  of  ])illows  or  by  an  air-bed  or 
water-befl,  as  to  prevent  jtressure  of  the  body  coining  upon  the  bony 
points.  Frequent  sijonging  of  the  skin  and  careful  attention  to 
cleanliness^  esi)eeially  if  tliere  is  an  inctmtinence  of  urine  or  feces,  are 
necessary  in  order  to  prevent  the  development  of  bed-sores.  Under 
all  circumstances  the  use  of  tlie  Ix'd-pan  or  urinal  should  b(*  enforceil, 
as  the  effort  of  sitting  uji  may  increase  tla*  sy m|>torus.  If  the  skin 
is  very  red  it  should  l>e  bathed  with  an  antiseptic  solution  an<i  with 
a  solution  of  alum  and  covered  with  a  powder,  and  nopreasure  on  it 
pormitt<^d.  If  a  bed-sore  forms  it  is  to  be  <lressed  like  any  ulcer  and 
kept  as  aseptic  as  possible.  Stimulants  to  healing,  sueli  as  balsam 
of  Peru  or  a  galvanic  current  directly  applied,  have  never  seemed  to 
met(»  beeffet'tive.  The  most  important  thing  is  to  remove  all  |)ressure 
from  the  ulcerated  surface,  and  thus  allow  it  to  heal.  The  greatest 
care  should  be  taken  in  (^atlieterization,  all  catheters  shouhl  be 
ke|>t  in  antiseptic  s<>lutions  and  carefully  washed,  and  coated  with 
carbolijsed  vaseline  before  being  used.  It  is  tcK)  commonly  the 
custom  to  limit  the  washing  of  the  catheter  to  the  time  succeed- 
ing instead  of  preceding  its  use.  If  cystitis  develops  the  lad- 
der should  Uv  washed  out  twice  or  three  times  a  day  with  a 
10  ()er  cent,  solution  of  boric  acid  at  98^  F.,  and  the  patient 
should  1>e  given  salot  hve  grains,  or  urotropin,  ten  grains,  every 
four  hours  b}'  the  mouth.  The  action  of  the  bowels  should  l>e  regu- 
lated t»y  means  of  laxatives  daily,  which  should  l>e  assisted  by  an 
injection  given  at  a  regular  time  of  the  day,  a  pa<l  being  eorij^tantly 
applieil  to  the  anus  to  prevent  leakage.  The  sp:i,smodic  contractions 
and  cramps  in  the  muscles  may  be  relieved  by  the  use  of  warm 
clothes  to  the  back  or  of  warm  l>nttles,  care  Ix^ng  taken  not  to  burn  a 
blister  in  the  anaesthetic  skin.  Bromides  are  somrtimes  of  much 
sendee  for  this  sympttitn.  Any  active  methcinal  treatment  for  the 
clisetise  during  the  period  of  onset  or  during  the  perital  of  maxinmm 


CAISSON  DISEASE. 


357 


intenBity  Is  usually  futile,  though  salicylate  of  soda  and  salicin  have 
been  supposed  to  be  of  use  in  infectious  cases.  "ttHien  the  active 
process  has  come  to  a  standstill  and  a  period  of  improvement  sets 
in,  euLssiif^e  and  electrical  applicatioiLs  to  tlie  muscles,  gradually 
increasing  vuluntary  niovements  and  exercises,  tending  to  re-estab- 
lish the  voluntary  control  of  the  linibs^  are  to  l>e  used,  Batlis  are 
also  of  service,  either  warm  and  cool  sponpni[;  of  the  baek^  or  warm 
douches  under  moderate  pressure  (ten  pounds),  or  tepid  sitz  baths 
with  sponging  of  the  back.  Cold  (60°  F.)  or  hot  f lOCP  F.)  baths  are 
to  be  avoided.  When  the  patient  bt:*gias  to  walk  great  care  should 
be  taken  to  prevent  over-fatiguf*  and  to  prevent  falls.  Rul)ber  heels 
or  soles  help  these  paralytics.  In  some  cases  apparatus  may  be  used 
to  facilitate  t!ie  act  of  walking,  such  as  braces  to  the  ankles  or  knees 
or  a  stiff  corset  to  tlie  back. 
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Etiology*  Persuns  who  have  worked  in  caissons  or  in  deejj  mines 
under  higli  atmosplifrie  | pressure,  or  under  the  sea  in  divers'  gar- 
mentis  under  high  atmospheric  jjressure,  are  occasionally  seized  with 
paralysis  on  coming  out  into  the  (irdinary  air.  Tliis  paralysis  has, 
therefore,  been  ascribed  to  the  sudden  change  of  a tniosfiheric pressure, 
it  being  supposed  that  the  system  aceastoms  itself  to  a  viTy  much 
increased  pressure — say  of  four  to  six  atmospheres — without  diffi- 
cult>%  l>ut  the  sudden  removal  of  this  Ls  the  cause  of  the  paralysis* 
Hence,  at  the  present  time,  where  indiviiiiials  have  to  work  subjected 
to  such  pressures  provision  is  usually  made  to  remove  this  pressure 
very  slowly.  Thus  modern  mines  and  caissons  have  several  inter- 
mediate chambers  in  wliich  the  workmen  are  ad\dsed  to  remain  for 
one  hour  or  more,  thus  accustoming  tliemselves  gi-adually  to  the 
ordinary  atmosphere,  and  if  this  prec^aution  is  observ^ed  no  ill  results 
follow. 

It  has  bf*en  found  that  ordinary  healthy  men  of  good  habits 
are  very  much  less  lial>ie  to  the  disease  than  men  who  indulge  in 
alcohol  freely,  or  who  have  some  form  of  heart  or  kidney  disease,  or 
who  arc  very  fleshy,  \A^  irk  men  gradual  ly  liecome  accustomed  to 
endure  |>ressure,  and  hence  there  is  a  greater  danger  for  new  hands 
than  for  the  uldeT  workmen. 

Pathology.  The  pathology  of  the  disease  is  not  fully  determined, 
though  the  lesions  of  myelitis  have  been  found  in  all  c:ises.  It  has 
been  thought,  from  ex|)erimental  investigations,  that  the  develop- 
ment of  ga^  in  the  bloodvessels  has  resulted  in  emljolism  of  an  exten- 
sive character  in  the  capillari^,  the  emboli  being  bubbles  of  gas,  and 
hence  that  the  acute  myelitis  is  a  true  myelomalacia  from  multiple 
emboli.  In  other  cases  where  no  such  embolism  has  been  discovered, 
multiple  hemorrhages  have  demonstrated  that  a  disturbance  of  the 
circulation,  either  of  the  nature  of  acute  congestion  with  hemorrliage, 
or  of  the  nature  of  acute  thrombosis,  has  been  present. 
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Symptoms.  The  symptoius  of  the  disease  develop  very  rapidly 
within  a  short  time  of  the  exit  of  the  individual  into  the  onlinary  air. 
They  are  both  cerehnil  and  spinal  symptoms.  The  cerebral  symp- 
toms consist  of  heatliiclie,  prostration,  feelings  of  faintness^  nausea, 
vomiting  and  vertigo,  double  vision,  and  iliihculties  of  speech  and  of 
breathing.  Some  patients  vomit  very  freely  ami  then  Ix^come  eoiiia- 
tcse.  The  s{>inal  symptoms  are  more  e\'ide!it  than  the  cerebral 
symptoms.  Patients  complain  of  severe  pains  which  are  usually  felt 
in  the  legs  and  in  the  trunk,  occasionally  in  the  arms  and  back, 
and  these  pains  persL^t  even  when  all  sensation  is  abolisherl.  Pains 
are  referred  connnonly  to  t!ie  joints,  but  may  be  referred  to  any  part 
of  the  Inxly,  and  in  their  in tf'nsity  and  severity  resemble  those  of  the 
first  stage  of  tabes.  They  are  attended  by  numbness  and  tingling 
or  sensations  of  great  cold  or  of  heat.  Soon  after  the  onset  of  pain 
a  feeling  of  weakness  develops  which  goes  on  rapidly  to  a  contlition 
of  paralysis,  both  legs  being  totally  paralyzed  and  both  arms  Ix'ing 
comrnon'y  affectf^l  soon  after  the  l<'gs.  The  sphincters  are  [paralyzed, 
and  the  antesthesia  rapidly  extends  to  all  parts  of  thr^  body.  \'aria- 
tions  in  tlegit*e  in  all  these  symptoms  have  l*een  observed,  but  a  large 
majority  of  patients  have  been  completely  paralyzed  within  a  few 
hours.  In  many  eases  the  symptoms  subside  as  rapidly  as  they  have 
developed,  and  within  a  week  the  jiatient  is  able  to  be  up  and  about. 
In  other  cases,  however,  all  the  symptoms  of  an  acute  myelitis  ensue, 
and  in  the  cases  that  have  ilied  examination  of  the  spinal  cord  has 
demonstrated  both  transverse  myelitis  of  the  dorsal  region  of  the 
cord  with  a.seending  aral  descending  degenerations  and  also  tlissenn- 
nated  myelitis.  Such  jmtients  go  through  the  regular  symptoms  of 
acute  myelitis,  and  either  die  or  become  chronic  invalids. 

Causes  of  death,  as  in  aeut-e  niyelitis,  are  usually  cystitis,  bed- 
sores, or  poeumfinia. 

Diagnosis.  The  diagnosis  of  the  disease,  then^ft^re,  rests  upon  the 
ascertaining  whether  the  jiatient  afflicted  has  lieen  subjected  Ut  high 
atmospheric  pressure  and  then  has  come  back  into  the  air  very 
suddenly. 

Treatment.  A  knowledge  of  the  cause  of  this  affection  should 
lead  employers  to  warn  their  workmen  against  coming  immediately 
from  a  high  to  a  h>w  atmospheric  j^r^ssure  and  should  make  it  incum- 
bent in  all  works  to  have  a  graduated  series  of  chandlers  through 
w'hich  the  laborers  should  be  made  to  pass  from  a  higher  to  a  lower 
pressure.  When  the  symptoms  have  dev(*lo|>ed  it  hsis  been  recom- 
mended to  immediately  return  the  ijatieiit  ta  tlu*  caisson  or  to  place 
him  in  a  pneumatic  cabinet  where  a  high  atinosplieric  pressure  can 
bc!  inimetliately  produced,  and  then,  by  a  gradual  reduction  of  the 
pressure,  to  accustom  him  to  the  ordinary  atmosphere.  Such  a  pneu- 
matic calnnet  should  always  be  accessible  in  works  or  mines  where 
laborers  are  sul>ject  to  this  disease.  ^\'hen  this  is  not  feasil>!e  it  has 
been  recommended  by  those  who  have  experience  in  this  affection 
that  large  doses  of  ergot,  one  drachm  every  hour  or  every  two  hours, 
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should  he  given,  Baii«t[i|!:ing  tlii^  limbs  tightly  with  an  F^srnareh 
bujiilage,  and  thus  c oniitiing  the  blno<l  to  tlie  larger  eavities,  \im  been 
employed  with  good  effect.  Later  on  the  treatment  should  be  that 
for  acute  myelitis. 

CHROMIC  MYELITIS, 


Etiology.  Chronic  myelitis  may  ilevelop  a.s  the  result  of  an  acute 
myelitis  when  this  does  not  go  on  to  a  fatal  termination  but  leaves  a 
certain  amount  of  damage  to  the  spinal  cord,  A  myelitis,  however, 
may  be  from  its  onset  a  slow  process,  and  thus  the  disease  may  be 
chronic  from  the  start.  Any  of  the  causes  eapat>le  of  causing  acute 
myelitis  are  etjually  capable  of  j>roducing  chronic  myelitis.  Disturb- 
ances in  the  circulation  of  the  cord  are  probably  the  i>rimary  cause 
in  the  majority  of  eases,  atheroma  of  the  bloodvessels  or  syphilitic 
endarteritis  l)eing  among  the  most  common  conthtions  found  in  this 
disease.  Chronic  myelitis  may  also  develop  as  the  result  of  chronic 
meningitisp  anil  is  usually  associated  with  more  or  less  implication  of 
the  spina!  meninges.  Tlie  term  chronic  myelitis  may  be  applied  to 
any  or  all  of  the  processes  of  degerieration  developing  in  the  corit  in 
connection  with  other  spinal-cord  affections.  Thus  the  terminal 
stage  of  lateral  and  combined  sclerosis,  of  amyotrophic  lateral  scle- 
rosis, of  acute  or  chronic  poliomyelitis,  or  of  disseminated  sclerosis 
may  l>e  (hagnosticated  as  chronic  myelitis  in  case  no  exact  history 
of  the  ons€*t  of  the  disease  can  be  obttuned.  Chronic  myelitis  may 
also  occur  without  any  ascertainable  cause,  a  chronic  irregular  degen- 
eration, both  in  the  wliite  colutnns  and  in  the  gray  matter  being 
found  after  death  in  cfises  where  the  disease  has  bt^n  one  of  slow 
and  irregular  Xy\^^.  Chronic  myelitis  may  fieveiop  in  the  course 
of  very  many  constitutional  diseases  that  produce  thsturbance  of 
general  nutrition,  and  it  may  also  develop  secondarily  to  many  of 
the  acute  infectious  diseases,  being  in  these  cases  due  rather  to  the 
toxic  agents  produced  by  the  infection  than  to  any  chrect  bacterial 
action.  Any  of  the  various  forms  of  injury  of  the  spinal  cord  or  of 
its  bony  covering,  or  of  its  meninges,  may  Ije  followed  l>y  a  chronic 
degeneration  in  the  spinal  cord.  Very  great  and  long-continued 
physical  exercise  is  also  supposed  to  be  a  cause.  Chronic  alcoholism 
may  produce  a  chronic  myelitis  as  well  as  a  peripheral  neuritis,  and 
in  some  cases  of  very  severe  jwripheral  neuritis  which  failed  to 
recover,  changes  have  been  found  of  a  degenerative  nature  in  the 
spinal  cord.  Thus  chronic  myelitis  may  be  the  result  of  a  state  of 
poisoning  wtiicli  produced  first  a  nuiltiple  neuritis.  Chronic  myelitis 
develops  occasionally  as  a  setpiel  of  gout  with  or  without  an  attending 
multiple  neuritis,  the  exact  nature  of  the  process  being  still  a  matter 
of  uncertainty.  Chronic  myelitis  is  in  some  cases  due  to  sy|>hilis, 
and  tlien  it  may  be  either  a  diffuse  process  advancing  into  the  cord 
from  the  periphery,  attended  by  clegeiR^ration  which  appears  first  in 
the  lateral  columns  of  the  cord  and  gives  rise  to  the  symptoms  of 
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Spastic  paraplegia  (the  spinal  sypliilis  of  Erb),  or  it  may  be  a  ti^aiis- 
verse  process  due  to  syphilitic  endarteritis  in  the  vessels  at  a  certain 
level,  or  to  the  appearance  of  syphilitic  indm^ations  with  infiltration 
of  round  cells  in  both  white  and  gray  matter-  Such  syphilitic  infil- 
trations maybe  very  irregular  in  their  distribution:  maybe  confined 
to  one  segment  of  the  cord,  causing  a  chronic  transvei-se  myelitis; 
may  be  limited  to  one  or  more  columns  of  the  cord,  causing  symp- 
tonas  resembling  locomotor  ataxia  or  lateral  sclerosis  of  one  or  both 
sides;  may  cause  a  unihiteral  lesion,  pruducing  symptoms  of  Browii- 
S^quanl  paralysis, or  may  be  in-egularly  disseminated  throughfiut  the 
cortl.  Chronic  myehtis  is  sometimes  due  to  pernicious  anaemia,  the 
changes  in  the  cord  which  occur  in  the  course  of  this  disease  being 
diffuse  in  location  and  slow  in  development^  (see  page  *337).  Slow 
poisoning  by  ergot  or  iatliyrus  may  cause  chronic  myelitis. 

Chronic  myelitis  is  usually  a  disease  of  atlult  life,  persons  of  the 
ages  from  twenty-five  to  forty-five  years  being  more  liable  to  the 
affection;  it  is  al>out  equally  prevalent  in  mal(*s  and  females.  It  is 
l>ossibly  traceable  in  some  cases  to  an  itdierited  neuro[>athic  tendency. 
It  is,  in  my  exj^erienee,  a  very  rare  form  of  atTeclion,  and  it  is  prob- 
able that  the  descriptioas  found  in  the  older  text-books,  which  rarely 
correspond  to  cases  now  seen  in  the  hospitals,  were  wTitten  Ijefore  the 
time  when  careful  ilistinctinn  was  made  between  the  various  forms 
of  S]iioal-conl  disease.  As  the  knowledge  (rf  spinal-cord  disease  has 
increased  it  has  been  possil>le  to  separate  accurately  the  different 
types,  and  the  more  this  is  done  the  rarer  the  diagnosis  of  simple 
chronic  myelitis  is  made.  In  fact,  some  authors  have  ilenied  that 
as  a  sperial  thsease  it  can  occur,  and  affirm  that  it  is  always  to  be 
regarded  as  the  terminal  stage  of  some  one  of  the  diseases  of  the 
cord  a  heady  considered. 

Pathology.  The  pathology  of  chronic  myelitis  cannot  l>e  traced 
accurately  from  the  onset,  inasmuch  jis  the  terminal  stjige  of  the 
diseiose  is  the  f»nly  one  which  is  open  to  direct  observation.  In 
patients  dying  from  chronic  myelitis  the  spinal  cord  may  present 
slight  deformities  in  its  contour,  but  the  changes  are  only  visible 
in  microscopic  s<'ctioii.  These  changes  are  of  two  varieties:  first, 
the  appearance  of  sclerotie  patches  irregularly  distritmted  through- 
out the  white  and  grav  matter  of  the  sjnnal  cord.  These  sclerotic 
patches  consist  of  a  thickening  of  the  glia  and  of  the  connective 
tissue  about  the  bloodvessels,  usually  attended  by  a  distention  of 
the  bloodvessels  and  by  changes  in  their  walls  of  the  nature  of  endar- 
t^eritis — both  obliterating  or  atheromatous.  As  a  rule,  this  sclerotic 
tissue  is  thicker  and  more  dense  tlian  in  the  ordinary  forms  of  second- 
ary degeneration,  or  in  tabids,  or  in  lateral  sclerosis.  Occasionally 
in  the  mass  of  sclerotic  tissue  a  distended  axis  cylinder  has  pro- 
duced a  cavity,  and  the  cord  i>resents  the  cribriform  apj>earanee,  or 
Swiss  cheese  appearance,  which  has  l>een  described  as  occurring  in 
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acute  myelitis.  Usually  the  sclerosis  is  tliicker  iit  the  jieriphery 
of  the  cord,  atid  is  a>isooiated  with  adhesions  of  the  |>ia  and  with 
chronic  meningitis.  It  has  a  tendency  to  be  thicker  around  the 
bloodvessels  that  enter  the  cord  from  the  periphery,  and  very  often 
wedge-sha|jed  patclies  of  sclerosis  are  seen  with  the  apex  pointing 
inward.     It  is  evident  that  the  neuroglia  of  the  cord  is  increa^sed  in 
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density  and  also  that  tlie  comieetive  tiFsiie  in  the  vessel  walls  is 
thickened.  All  throughout  this  sclerotic  tissue  a  fine  cell  infil* 
tration  is  found,  more  intense  about  the  bloodvessels,  but  every- 
where present  in  the  conl  If  this  irrc^gular  sclerotic  jirocess  has 
gone  on  chiefly  in  the  surface  tif  the  cord  the  so-called  aiunilar 
sclerosis  is  found,  a  ring  of  sclerotic  tissue  surrounding  the  fairly 
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noniuil  tibrcf?  of  tlie  conl,  thn  ^ray  matter  not  heing  greatly  affected. 
This  condition  is  rare. 

The  second  pathological  change  present  in  chnniie  niyelitis  is  an 
advanced  degeiiemtion  of  the  nerve  fibres  and  of  the  nerve  cells 
throughout  the  cord.  This  may  be  very  irregular  in  its  distribution; 
and  it>s  extent  at  the  time  of  tlie  autopsy  is  very  oft^^n  much  greater 
than  the  extent  of  the  initial  sclerosis  to  which  it  is  secoiulary. 
Secondary  degeneration  follows  each  nerve  fibre  to  the  end  where  it  is 
interrupted  at  any  point  in  its  connection  with  its  proper  neurone 
body.  Thus  a  small  patch  of  sclerosis  at  one  level  of  the  lateral 
column  may  be  followed  by  a  long  descending  degeneration  in  tliat 
column.  And  a  small  patch  of  sclerosis  in  the  posterior  coiuinn 
may  give  rise  to  ascending  degeneration  as  high  as  the  medulla. 

It  is  not  always  possil>le  to  determine  from  a  microscopic  exam- 
ination whether  the  |>rimary  process  in  a  chronic  myelitis  is  due  to  a 
degeneratirm  of  the  nerve  fibres  with  secfmdary  sclerosis,  or  whether 
it  is  due  to  a  i>rimary  sclerosis  with  compression  and  secondary 
degeneration  of  the  nerve  fibres.  Both  conditions  are  found  in  the 
terminal  stage  of  the  disease.  In  some  sections  it  is  evident  that 
the  thickening  of  connective  tissue  is  greater  than  that  wliich  occurs 
in  an  ordinary  replacement  hyperplasia.  In  other  regions,  however, 
the  sclerosis  is  quite  comparable  to  that  ordinarily  found  in  seetjialary 
degenerations.  It  is  this  mingling  of  the  two  processes  in  chronic 
myelitis  which  gives  rise  t*j  the  irregular  appearance  found,  E^nor- 
mous  swelling  of  the  axis  cylinders,  such  as  is  fountl  in  acute  myelitis, 
is  occasionally  observet I  in  chronic  myelitis;  and  granular  corpuscles, 
the  products  of  degeneration,  are  scattered  everywhere  through  the 
spinal  conL  The  distribution  of  these  lesiorus  through  the  cord 
varies  in  different  cases,  both  transverse  and  disseminated  chronic 
myelitis  being  found. 

Symptoms.  The  symptoms  of  clu-onic  nxyelitis  are  such  as  might 
be  expected  from  a  chronic  implication  of  the  various  columns  of 
the  sjjinal  cord  and  of  the  varioas  segments  of  the  cord  in  their 
gray  nuitter.  The  firocess  is  such  a  slow  one,  however,  and  so 
different  in  different  cases  that  nr*  typical  course  can  be  described 
in  this  diseai*e,  A  general  feeling  of  weakness  in  the  legs,  undue 
fatigue  on  exertion,  going  on  graiiually  to  a  state  of  paralysis  of 
greater  or  less  degree,  perhaps  not  sufficient  to  incai>acitate  the 
patient  for  many  years,  is  the  usual  history.  The  fmralysis  is  usually 
of  ihe  spastic  type,  with  rigidity  in  the  muscles,  but  it  may  be  con- 
fined to  a  few  muscles  in  the  limb  affected,  and  these  nmscles  may 
show  atrophy  and  reaction  of  degeneration*  As  a  rule,  there  is  in 
the  early  stiige  an  increase  in  the  tendon  reflexes,  with  ankle  clonus, 
and  this  may  persist  for  several  years  and  finally  subside,  and  in  the 
later  stages  the  reHexes  may  be  lost.  Occasionally,  if  the  lesion 
happens  to  affect  the  reflex  arc,  the  knee-jerks  are  lost  at  the  outset. 
The  legs  may  be  the  only  parts  paralyzed  for  many  yeai^,  or  the 
paralysis  may  extend  within  the  first  year  tn  the  arms,  cjr  it  may 
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beg:in  in  the  arms,  but  usually  aft<*r  several  years  some  symptoras 
of  paralysiH  are  present  in  all  the  extremities.  The  paralysis  rarely 
is  as  extreme  as  it  is  in  the  forms  of  muscular  atrophy,  antl  therefore 
rarely  gives  rise  to  permanent  lieformities  or  contractures.  These, 
however,  are  occasionally  seen, 

r>isturl>ances  in  the  sensory  sphere  are  very  conuntui  in  myelitis. 
These  usually  consist  <>(  irregular  para\sthesia^  which  may  be  followed 
by  plaques  of  ansesthesia  and  analgesia.  Pain  is  not  a  common 
symptom,  excepting  in  so  far  as  the  general  stiffness  and  weakness 
give  rise  to  extreme  sensations  of  fatigue  or  painful  affections  of 
the  muscles  paralyzed,  but  jjain  in  the  back  is  not  uncommon 
when  the  myelitis  is  associatetl  with  a  chronic  meningitis.  In  these 
cases  also  some  shooting  pains  in  the  limbs  and  in  the  body  may 
tie  vein  p. 

Trophic  tlisturbanees  are  quite  conmion  in  the  course  of  chronic 
myelitis.  Urticaria,  irregular  eruptions  upon  the  skin,  vasomotor 
paralysis,  giving  rise  to  tluslies  or  streaks  of  ])allor,  irregular  gi'owih 
of  the  hair  and  of  the  nails,  trophic  tUsturbances  of  the  joints  and 
of  the  bones  are  not  imcommonly  observed  in  the  course  of  chronic 
myelitis.  In  the  last  stage  of  the  disease  bed-sores  are  a  distinct 
danger.  But  all  these  symjitoms  may  vary  in  intensity,  and  many 
of  them  may  lie  recovered  from  with  proper  care. 

In  the  majority  of  cases  as  the  result  of  a  long-continued  chronic 
myelitis  the  jjatient  is  reduced  to  a  state  of  helpless  jjaralysis.  He 
is  confine<l  to  the  lied,  the  limbs  are  wasted  and  very  often  drawn 
up  in  a  condition  of  contracture,  extreme  flexion  of  the  thighs  and 
legs  with  afl<luetion  of  tlie  thighs  being  present.  Iji  these  cases  the 
hands,  too,  become  !iel|iless,  and  the  patient  is  reduced  to  the  most 
abject  state  of  paralysis,  A  complicating  cystitis  not  infrequently 
develops,  quite  early  in  the  course  of  chronic  myelitis,  as  the  irregular 
action  of  the  l)ladder  may  necessitate  the  constant  use  of  catheters 
which  convey  infection.  Cystitis  and  bed-sores  are  the  conunon 
cause  of  death  in  this  disease,  though,  if  the  sclerosis  invatles  the 
upper  portion  of  the  cord,  affectiorLS  of  respiration  and  deglutition 
maybe  the  active  cause  of  death.  Many  symptoms  referable  to  an 
irnjjlication  of  the  sym|>athetic  nervous  system  are  usually  observed 
in  the  course  of  chronic  myelitis,  crises  such  as  occur  in  locomotor 
ataxia  having  been  observed  frequently.  If  the  hrst  dorsal  segment 
of  the  cord  luij>pens  to  be  affected  irritation  or  paralysis  of  the 
sympathetic  in  the  neck  will  give  rise  to  pupillary  symptoms. 

Diagnosis.  Tlie  diagnosis  of  chronic  myelitis  is  to  be*  made  entirely 
by  exclusion.  When  all  other  forms  of  S]>inabcord  disease  can  l)e  ebm- 
inatetl,  and  yet  objective  spinal  symptoms  of  irregular  distribution  are 
present,  chronic  myelitis  may  l3e  ihagnosticated.  When  the  typical 
symptoms  of  the  various  spinal-cord  affections  are  considered,  it  will 
be  evitlent  that  they  are  none  of  them  likely  to  be  confouniled  with 
chronic  myelitis.  The  most  difficult  diagnosis  is  from  dis.seminated 
sclerosis.    In  this  disease,  however,  it  is  to  be  noted  that  nystagmus 
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aud  other  {■erebrfi!  syniptoms  appear  eurly,  of  whicli  the  most  notice- 
able are  the  scnnmng  t^peeeb  and  the  intention  tremor.  Tlie  devel- 
opment, therefore,  of  eerel>ral  Mni])toms  in  the  eourse  of  the  ca^e 
of  supposed  chronic  njyehtis  wii!  indicate  that  the  original  diagnosis 
should  have  been  disseminated  sclerosis.  In  the  early  stage  of  pri- 
mary lateral  sclerosis  or  of  amyotrophic  lateral  sclerosis,  where  the 
only  symptoms  are  spastic  paraplegia  and  where  no  ostensible  cause 
can  be  found,  the  siijiposition  of  a  traiL'^verse  chronic  myelitis  of  the 
dorsal  region  may  be  entertained:  but  tliis  diagnosis  can  only  be 
substantiated  when  the  development  of  sensory  symptoms  and  dis- 
turbance in  the  action  of  the  bladder  and  rectum  make  it  j>robable 
that  the  lesion  is  more  extensive  than  r>ne  affecting  the  p\Tamidal 
tracts  of  the  sj^inal  cord  alone. 

Prognosis.  The  prognosis  in  chronic  rpiyelitis  is  uniformly  unfav- 
orable, and  the  jjatients  are  destined  to  a  life  of  invalidism. 

Treatment.  The  treatment  of  chronic  myelitis  is  one  of  care  of 
the  general  liealth^  the  various  symptoms  of  the  tlisease  being  coun- 
teracted as  they  arise,  so  far  as  ])ossible,  and  the  i)atient  kept  in  a 
statue  of  comfort.  All  the  measures  alreaily  reeonmiended  in  connec- 
tion wth  the  treatment  of  locomotor  ataxia  may  be  carriefl  out  in 
the  course  of  chronic  myelitis,  and  are  not  infrequently  attended  by 
temporary  im|>rovemt'iit.  Tins  is  particularly  true  of  hydrothera- 
peutic  treatment  and  the  careful  application  of  massage,  A  jireven- 
tion  of  any  of  the  eom)>licating  diseases  which  caiLse  death  will  l>e 
a  duty  in  the  latter  stages. 


People  of  advanced  years,  especially  those  who  are  rather  feeble, 
are  occasionally  afHicted  by  a  slowly  progressive  weakness  of  the 
legs,  attended  l3y  pain  and  sensations  of  nunil>ness,  undue  fatigue 
upon  exertion,  and  pctssibly  with  a  slight  degree  of  difficulty  in  tlie 
retention  of  urine.  These  symptoms  give  rise  to  the  suspicion  that 
they  are  itljout  tn  develop  chronic  myelitis.  Tliey  are  ui  very  slow 
progress  and  jxroduce  disturlnince  of  walking  which  results  in  a  slight 
dragging  of  the  feet,  or  rather  shuffling  gait,  difficulty  in  getting  up 
stairs  or  stepping  u(>  into  a  carriage,  Imt  not  attended  by  any  true 
ataxia  of  movement.  A  great  sense  of  weariness  is  usually  ex|>e- 
rienced  in  these  patients  after  nny  exertion,  and  they  may  be  the 
subjects  of  senile  tremors  of  the  hands  or  of  the  head.  Very  many 
patients  afflicted  in  this  way  are  the  subjects  of  chronic  arterial 
disease  or  of  chronic  affections  of  the  heart.  The  condition  may 
develop  occasionally  quite  rapidly,  all  the  symptonLs  apix^aring 
\i-ithin  a  few  days,  and  making  it  difficult  for  the  patient  to  move 
about  at  all.  In  my  own  experience  the  affection  is  more  common 
in  women  than  in  men.  It  is  |>rol)ably  due  to  some  disturbance  of 
circulation  in  the  lower  part  of  the  spinal  cord,  either  of  the  nature 
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of  an  arterial  anaemia  or  of  a  venous  congestion.  This  seems  likely 
because  of  the  fact  that  in  the  majority  of  cases  absolute  rest  in  bed, 
skilful  massage,  the  use  of  hot  applications  to  the  spine,  followed  by 
cool  douching,  heart  stimulants,  and  general  tonics  result  in  a  pro- 
gressive recovery. 

Autopsies  are  wanting  to  establish  the  pathology,  as  no  fatal  cases 
have  been  recorded. 

Disseminated  or  insular  sclerosis  of  the  spinal  cord  is  so  commonly 
associated  with  similar  lesions  in  the  brain  that  it  will  be  discussed 
in  connection  with  brain  diseases. 


CHAPTER    XX. 

INJURIES  OF  THK  SPINAL  CORD.     H.EMATOMYELIA. 

Injuries  and  wountl?^  trf  the  spinal  rord,  producing  a  laceration  of 
the  cord  and  lietriorrhages  within  it  or  in  thr  s|>inal  canal,  are  of 
fret|uent  occurrence.  The  usual  cause  of  such  injuries  to  tlie  cord 
are  fractures  and  dislocations  of  the  vertebra\  It  is  natural  from 
the  length  of  the  organ  ami  from  its  locatidn  within  a  narrow 
cylindiieal  linny  canal  that  any  injury  1u  the  wall  surrounding  it 
shtmld  have  a  direct  or  imhreet  efTeet  upon  it.  And  it  is  rare  for  a 
fracture  or  a  dislocation  of  the  vertebra  to  occur  wittiout  t*roducing 
iTurnediate  damage  of  the  spinal  cord. 

FtO.  127. 


BABiorrlMKe  In  tb«  ceutml  gny  umtter  on  the  left  lide,  due  to  fr«etttre  of  itie  spJii*. 
Flnt  dorsal  segment. 

Pathology.  Sueh  an  injury  is  usually  attended  by  a  coiii|)ression 
and  bruising,  or  by  a  hu'cratiiiu  of  the  cord,  a  disintegrating  of  its 
substanccand  a  er»nsiderable  hemorrhage  (hat  perforates  the  c<>rd 
and  is  followed  by  an  inflammatory  process  that  may  intensify  the 
<tisintegration  or  may  go  on  to  an  attempt  at  repair  l)y  the  formation 
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of  an  extensive  eieatrix.  Fig,  127  shows  the  a]>i>eiirance  of  a  spinal 
cortl  after  a  fraetiire  of  the  sixtli  eervical  vertebra.  The  eighth  eer- 
viea!  se^cTTient  was  erushed  and  disiiitegraletl,  the  typical  form  of  the 
gray  matter  being  oliliteratetl  and  the  tracts  in  the  white  mutter  torn 
across.  A  large  hemorrhage  occurred  whieh  penetrated  the  cord  and 
destroyed  the  gray  matter  for  some  distance  aljove  and  below  the 
eighth  cervical  segment^  lieing  largely  etinfira^d  to  the  gray  matter, 
especially  of  the  posterior  horn.  The  clot  followed  the  line  of  least 
resistance,  which  is  always  within  the  gi*ay  matter.  (Fig.  128.)  In 
another  ease,  where  the  fracture  oceurrc^d  in  the  dorsal  region,  the 
hemorrhage  surnrunded  the  cord  al)o%T  ami  below  the  destroyed 
sf^gment,  filling  the  spinal  canal  witliin  the  tlura. 

When  the  cord  is  exposed  at  the  autopsy  or  in  a  surgical  0{>era- 
tion  for  the  repair  of  the  fracture,  its  external  appearance  may  not 
be  changed,  and  if  the  i>ia  and  sheath  l>e  not  ruptm-eil  there  may 

Fia.  12S. 
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Clot  in  the  posterior  bom  or  the  lell  ^ii^lc,  three  seiif  rnents  above  the  preceding  iSgtire. 
Siitb  <  enlciii  scgnitMiL 

l>e  very  little  evidence  of  the  extreme  destruction  present.  It  is 
only  up* 111  sfH'tion  that  t!n^  lesicni  is  evident.  Thus,  in  the  ca^ 
from  which  the  figures  are  taken  extc^rnal  inspc^ction  showed  no  lesion 
of  the  cord.  But  on  cutting  the  cord  the  general  tlisintegration  and 
hemorrhage  were  visible.  Bullet  wounds  ami  stab  wounds  of  the 
(*urd  cause  a  similar  disintegration  of  the  spinal  elements  and  a  hem- 
orrhage without  or  within  the  corfl.  These  are  more  likely  to  be 
followefl  by  jmrulent  inHanunation,  the  result  of  septic  material 
l>roaght  in  with  the  laillet  or  knife.  This  inflammatory  condition 
involves  the  meninges  as  well  as  the  cord  itself ,  and  may  go  on  to 
purulent  myelitis  or  to  abscess  of  the  cord  with  total  destruction  in 
a  transverse  direction.    Hemorrhages  within  the  cord  cause  a  long, 
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narrow,  cylindrical  clot  usually  within  the  gray  matter,  st^nietinies 
in  the  posterior  columns,  very  rarely  in  the  lateral  columnt^.  The 
maximum  destruction  is  limited  to  one  or  two  segments,  but  the  clot 
may  perfrtrate  a  number  of  segments,  e%'en  to  one-half  the  length  of 
the  cord.  Sometimes  many  little  clots  are  founfl  at  rlifferent  levels. 
Occiisionaily  the  ciipsule  of  the  cord  is  broken  and  the  hemorrhage 
reaches  the  pia  and  intiltrates  it.  If  the  ]mtient  tiies  at  once  the  clot 
is  found  surrounded  by  broken-d<nvn  cord  tissue  filled  with  small 
cells  and  granulai'  corpusck*s — j^kigment  and  ha^matin  crystals.  If 
the  patient  survives  a  few  weeks  the  clot  may  be  somewliat  absorbed 
and  contracted,  the  tissue  a1)out  it  may  be  yellowish-red  from  fatty 
degeneration  of  tlie  nerve  elements,  and  the  cells  anil  fibres  will  lie 
found  in  all  stagers  of  disintegration.  If  the  jiatient  hves  for  some 
years  the  clot  may  be  entirely  absorbed,  leaving  either  a  long  scar 
of  connective  tissue  or  a  long  cavity  lined  with  connective  tissue — 
the  hemato-myelo-porus  of  Van  Gieson.  Hemorrhage  from  the  ves- 
sels of  the  pia  muter,  causing  compression  of  the  cord  by  a  clot, 
may  occur.  Janeway  has  ilescribed  such  a  condition  occuiTing  in  a 
patient,  the  suliject  of  hemophilia.  I  have  i>VQn  one  case  which 
eaine  on  suildenly  after  urmsual  exertifm. 

In  the  pjitients  who  survive  secondary  degeiterations  develop  in 
the  cord,  as  in  cases  of  transverse  myelitis,  aliove  and  Ijelow  the 
injured  segments;  secondary  degeneration  also  occurs  in  the  motor 
nerves  from  the  segment  injured,  to  the  muscles,  and  atrophy  of 
the  muscles,  as  in  anterior  poliomyelitis. 

Etiology,  Hemorrhage  within  the  spinal  canal  or  within  the  cord 
may  be  the  result  of  severe  blows  or  falls  or  of  direct  concussion. 
Thus  I  have  seen  multiple  hemorrhages  in  the  pia  with  a  number  of 
small  clots  outside  the  cord  following  a  fall  through  an  elevator  shaft 
down  five  stories.  I  have  also  seen  a  hemorrViage  in  tlie  conus  ter- 
minalis  due  to  the  patient  sitting  down  where  there  was  no  seat  and 
injuring  the  buttocks.  Heiriorrhages  may  also  occur  as  the  result 
of  sj>orrtaneous  rupture  of  bloodvessels,  either  after  great  effort  or 
after  long-continued  arterial  flisease.  In  one  ca^e  a  severe  sudden 
bending  forward  of  the  neck  without  dislocation  or  fracture  wi\s 
followed  by  a  hemorrhage  within  the  cord  which  iienelrated  through 
the  cervical  and  half  the  dorsal  segments,  causing  a  long  tubular  clot. 
In  another  case  the  lifting  of  an  unusual  weight  was  inunediately 
f*)! lowed  by  a  hemorrhage  in  tlie  lower  I uml>ar  region  which  destroyed 
the  lumbar  and  sacral  enlargement  and  itifiltrated  the  eauda  equina, 
tlie  latter  being  found  eml)e«ided  in  the  clot  at  the  autoi>sy. 

Symptoms.  When  a  vertebra  is  dislocated  or  fractured  a  dis- 
placement either  of  the  spiiH)Us  ]*rocess  or  of  the  body  of  the  vertebra 
can  be  felt,  causing  a  double  deformity.  The  nmscles  about  the 
fractured  bone  are  thrown  into  a  state  of  rigiility,  anfl  a  fixation  of 
the  bat^k  or  neck  in  an  abnormal  position  occurs.  Any  motion  causes 
great  pain  both  at  the  point  of  injury  atid  in  the  domain  of  nerves 
whicli  are  compreHsed  or  hu^erated.     The  exact  character  of  the 
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injury  can  only  be  determined  by  an  exaniination  \d\h  the  Roentgen 
rays,  Tliere  are  some  eases  (Jii  record  wliere  slight  fractures  or  par- 
tial dislocations  caused  no  spinal  symyttoms.  There  are  many  cases 
where  the  spinal  symptoms  exceed  in  severity  any  apparent  surgical 
injury,  for  rlislocation  may  be  temporary  and  spontaneously  reduced. 
The  surgical  a^jiect  of  the  ease,  however,  is  of  less  interest  than  the 
symptoms  of  spinal  lesion.  These  depend  wholly  upon  the  position 
of  the  iojury;  the  higher  the  fracture  the  more  extensive  the  symp- 
toms, for  the  injury  usually  ajTests  all  voluntary  motion  and  con- 
scious sensation  in  the  parts  below  the  level  of  the  lesion.  Hence 
the  level  of  the  symptoms  indicates  the  level  of  the  lesion.  The  facts 
of  tlu*  localization  of  spinal  funetions  alreaily  {jresented  in  detail  need 
not  be  reijroduced  here;  but  if  carefully  studied  they  ^^iII  ijermit  an 
accurate  diagnosis  of  the  position  of  the  lesion  to  be  reached.  Par- 
ticular attention  should  be  paid  to  the  jjosture  involuntarily  assumed 
l>v  the  patient  in  bed  (see  page  184),  to  the  extent  of  the  jmral}!^!^  (see 
page  173),  and  to  the  distribution  of  the  anaesthesia  (see  page  193). 

In  any  case  of  injury  of  the  cord  a  state  of  paraplegia  is  pro- 
duced at  once.  The  paralysis  is  complete,  the  limbs  are  relaxed 
and  flaccid,  the  reflex  action  is  much  diminished,  and,  in  cases 
of  transverse  lesion  with  entire  division  of  the  cord,  is  lost:  there  is 
incontinence  of  urine  with  retention  and  a  jmralysls  of  the  rectum; 
there  is  often  a  state  of  priapism;  there  are  pains  in  the  back  at  the 
level  of  the  fracture  and  in  the  region  of  the  btjdy  to  which  the 
nerves  near  the  fractui'e  go ;  these  pains  are  often  attended  by  t\ntch- 
iugs  of  the  ninscles  which  cause  much  diseonjiV»rt;  there  is  a  condition 
of  anesthesia  more  or  less  complete  whose  upper  limit  is  easily 
defined  and  corresponds  to  the  level  of  the  lesion ;  there  is  a  zone  of 
hyperiesthesia  just  above  the  ansesthetic  leveL  The  segment  of  the 
cord  which  is  aflfectetl  in  any  particular  fracture  is  the  one  that  is 
op|X)site  the  fractured  vertebra.  The  researches  of  Reid^  have 
demonstrated  that  there  is  not  a  uniform  relation  betw^een  the  ver- 
tebra3  and  the  segments  of  the  cord.  The  diagram  (Fig.  129)  of 
Dejerine  shows  the  usual  relation  between  the  various  segments  of 
the  cord  and  the  spines  and  bodies  of  the  vertebne. 

Chipault  has  given  a  practical  set  of  rules  for  determining  the 
relation  of  the  segments  to  the  spinous  processes  of  the  vertebrae. 
He  says :  **  In  the  cervical  region  atld  one  to  the  number  of  the  verte- 
bra, and  this  will  give  the  segment  opposite  to  it.  In  the  upjjer  dorsal 
region  add  two;  from  tlie  sixth  to  the  eleventh  dorsal  vertebra  add 
three.  The  lower  part  of  the  eleventh  dorsal  spinous  process  and 
the  space  below  it  are  opposite  the  kiwer  three  lumbar  se-gments* 
The  twelfth  dorsal  spinous  process  and  tlie  sjiace  below  it  are  opposite 
the  sacral  segments.''  The  spinal  cord  ends  opposite  the  body  of  the 
first  lumbar  vertebra  or  opposite  the  cartilage  in  the  space  lielow  it. 
The  lower  half  of  the  spinal  canal  is^  there  fore,  occupied  by  the  cauda 


^  Journiilof  Anatomy  and  Phy Biology,  vol.  xxlii.  p.  312. 
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equina  only.  In  infants  the  cord  reaclips  as  low  dowti  as  the  body 
of  the  third  lutnljur  vertebra,  but  by  the  age  of  twelve  years  the 
lower  limit  is  opposite  the  body  of  the  seconLi  vertebra. 

Certain  special  8yni|jtonts  attend  fracture>s  at  different  levels: 

I.  Fractures  of  the  iijiper  four  cervical  vertel:>ne  are  usually 
attended  by  sudden  death  tnther  from  involvement  of  the  vital 
centres  in  the  adjacent  medulla  or  by  a  lesion  of  the  centres  of  the 
phrenic  nerves  and  respiratory  paralysis.  In  a  few  patients  who  have 
sur^dved  for  a  few  days  pain  has  been  felt  in  the  great  occipital 
nerves;  the  head  has  been  held  rigid,  and  any  motion  of  it  has  been 
very  painful;  a  deformity  has  been  felt  in  the  pharynx:  a  total 
paralysis  of  the  entire  body  below  tlie  neck  has  occurred,  and  high 
or  subnormal  temperatiu'e  with  ver}^  rapid  pulse  have  been  present. 
Death  always  follows  soon. 

IL  Fractures  of  the  lower  three  cervical  and  first  dorsal  vertebra 
are  iiuite  comnani,  over  one-quarter  of  spinal  fractures  being  in  this 
location.  Divers  into  shallow  water,  laborers  whose  heatls  are  bent 
forward  upon  their  bodies^  and  persons  struck  by  heavy  objects 
falling  on  the  shoulders,  or  who  fall  from  a  height  in  such  a  manner 
that  the  body  is  bent  upon  the  heail  usually  fracture  one  or  more  of 
these  cervical  vertebra.  In  such  fractures  either  the  upper  or  the 
lower  half  of  the  cervical  enlargement  of  the  cord  is  injured, 

(o)  When  the  upper  part  of  the  cervical  enlargement  is  injured 
tlie  paralysis  of  the  arms  is  complete  and  the  arms  lie  relaxed  at  the 
side  of  the  patient;  pain  is  felt  in  the  neck  and  shoulders,  and  spasms 
of  the  arm  muscles  are  frequent ;  anaesthesia  is  eomi)Iete  below  the 
deltoid  area  over  the  shoulder-joint  (Fig.  130);  there  is  no  reflex 
Mctivity  in  the  upper  extremities^  but  there  may  be  some  reflex 
activity  in  the  legs  after  the  shock  piisses  off,  and  this  soon  becomes 
exiiggerated;  there  is  usually  constant  priaj>ism,  and  retention  of 
urine  which  must  be  relieved  fiy  catheter ;  there  is  paralysis  of  the 
rectum;  there  is  a  markefl  tent^lency  to  bed-sores,  respiration  is 
wholly  diaphragmatic ;  coughing  and  expiratory  efforts  are  im[>os- 
sible;  a  high  fever  and  rapiil  fiulse  develop;  lumsua!  sweating  of 
the  entire  body  occurs,  and,  as  a  rule,  death  follows  during  the  firat 
or  second  weeL  If  the  patient  survives  a  state  of  nearly  complete 
paralysis  remains,  with  atroiihic  |iaralysis  of  the  arms  and  spastic 
paralysis  cjf  the  legs. 

(6)  When  the  lower  part  of  the  cervical  eiihirgernenl  is  injured 
the  paralysis  of  the  arms  is  partial,  tlie  shouliler  muscles  and  the 
flexors  of  the  forearms  escaping,  antl  sometimes  some  of  tlie  muscles 
of  the  forearms  also  escape.  In  this  form  the  |)atient  lies  with  the 
arms  abducted  from  the  sides  and  the  forearms  flexetl,  the  hands 
resting  on  the  chest;  the  body  and  legs  are  paralyzed  antl  flaccid, 
pain  is  felt  in  tiie  luuaLs  and  on  the  inner  siile  of  the  forearms  and 
often  about  the  body;  the  anaesthesia  is  more  marked  on  the  inner 
side  of  the  arms  and  forearms  and  is  total  in  the  hantLs  (Fig.  131 
to  133);  it  affects  the  body  also,  but  the  upper  limit  of  ana?sthesia 
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the  lesion  is  low  dovvii  in  the  enlargement.  (Fig.  134.)  If  the 
patient  recovers  a  state  of  atrophic  paraiysis  in  the  upper  extremities 
of  greater  or  less  extent  remains  and  a  condition  of  spastic  paralysis 
in  tlie  legs. 
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Aoffistbeslu  Uit!  i4>  i«^loQ  of  the  fifth  cervLo&l  st^^^LiKiu  ;  of  the  led  side  due  to 

l««lon  of  the  firat  dorsal  segment ;  tongue-like  ezLensfOD  of  tnaefftbeaJiL  In  &xlilft  and  under  tbe 
Arm.    (Wlcbmann.) 

III.  Fraetm*es  of  the  dorsal  vertebrae  are  rather  infrequent.  They 
cause  a  paralysis  of  the  legs  and  abdominal  muscles  with  loss  of 
control  of  bladder  and  rectum.  There  is  a  lUstinct  girdle  sensation 
often  attended  by  pain*    There  is  a  line  of  anaesthesia  about  the 
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AiMBtheaiA  from  iojory  of  the  ieventh  dorsal 
■einneot,  BbowLng  tli€  ftaa«sth«i1a  curve  about 
the  body  and  extendlug^  higher  behind  thau  in 
front.    (Wlchmann.) 


Atiaatbesladue  to  leeioii  of  th*'  <  U wiirh 

dorsal  segment,    (Wlcbmatiu.; 


trunk  above  which  is  a  zone  of  hyperfesthesia.  This  line  of  anaes- 
tht'sia  is  usually  the  most  important  guide  to  the  level  of  the  lesion, 
but  it  is  not  on  a  line  with  that  level.  (Figs.  135  and  136.)  It  is 
from  tliree  to  four  inches  below  it,  for  there  is  an  overlapping  or 
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anastomosis  of  the  sensory  filaments  of  nervei^,  and  the  intercostal 
nerves  of  one  seginent  supply  the  skin  directly  related  to  two  or 
even  three  adjacent  segments,  as  Sherrington*  ha^  sliown.  (Fig. 
137.)  Furthermore,  the  sensory  fibres  entering  the  cord  ascend 
to  the  two  higher  segments  before  terminating,  and  hence  a  trans- 
verse lesion  of  the  cord  does  not  cut  oil  all  \\\v  sensations  from 
the  nerve  roots  at  its  level.  This  will  be  uialerstood  l>y  reference 
to  Fig.  42.  Thus  in  a  case  of  fracture  of  the  sixth  florsal  vertebra 
the  eighth  dorsal  segment  was  injured,  ant  I  the  line  of  aniesthesia 
corresponded  to  the  distribytion  of  the  tenth  dorsal  nerve,  being 
ttii'ee  inches  below  the  level  of  the  injury.  The  zone  of  hyperais^ 
thesia  which  lies  above  the  level  of  the  ana^thesia  is  due  to  the 
fact  that  sensations  received  in  segments  of  the  cord  just  above 
the  lesion  which  are  in  a  state  of  inflammatory  irritation  are  felt 
to  an  extiggcTated  degree.  Tiie  girdle  sensation  is  a  eonscioiisness 
of  tins  hypersensitive  skin.     If  the  cord  is  not  severed  and  is  capable 
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Dlacrnm  itiotttDi  lbs  oerve  eupply  of  Use  sklti  of  tbe  tborK^t ;  every  purt  i«  luppUed 
by  two  Derv««.    (SberrCDgton^) 

of  transmitting  scmie  sensations  through  the  lesion,  patients  often 
refer  to  this  hypersensitive  zone,  all  sensatinns  coming  up  from  the 
legs.  Thus  in  one  of  my  patients  a  pin-prick,  or  pinch,  or  touch, 
or  a  thermal  sensation  proLluced  in  the  paralyzed  and  anaesthetic 
legs  or  trunk,  was  always  felt  about  the  level  of  the  sixth  dorsal 
nerve.  If  on  the  back  of  the  Ixjdy  it  was  referred  to  the  back;  if 
in  front,  to  the  front,  and  it  was  always  felt  on  the  side  which  was 
irritated.  This  man  had  a  transverse  injury  of  the  cord  due  to  frac- 
ture at  the  fifth  doi-sal  vertebra  and  had  ber^n  imrapiegic  ff*yr  years 
when  examined.  I  have  seen  this  symptom  in  many  cases,  but  have 
not  seen  it  described.  It  is  of  service  in  distinguisliing  total  from 
partial  lesions  of  the  cord.  In  cases  of  dorsal  injury  the  initial 
symptoms  may  slowly  subside  in  part.  The  patient  remaiiis,  how- 
ever, in  a  state  of  sptustic  parajjlegia  with  all  \\w  symptoms  of  lateral 
sclerosis  due  to  the  descending  degeneration  in  the  rnotor  tracts  of 
the  cord.    The  danger  of  lx*tl-^ores  and  cystitis  is  directly  propor- 


(  TtniUACtiotis  of  the  Royal  PkiUiAopliiciLl  Society,  Loiulon,  1803,  vol.  cbcxxlv. 
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patients  live  for  many  year: 

It  is  in  causes  of  dorsal  injury  that  the  syndrome  due  to  a  lesion 
of  one  hiierul  half  of  the  cord,  kiitnvn  as  Brown-S^quard  paralysis, 
is  most  eonnnonly  seen,  although  it  may  result  from  a  lesion  at  any 
le\TL     This  eoiiibioation  of  symptoms  is  as  follows: 

L  On  the  side  of  the  lesion  there  is  paralysis  with  rigidity;  an 
increase  of  tendtui  reflexes;  va8<i- 
motor  paresis  causing  a  temporary 
elevation  of  temperature;  a  dim- 
inution in  muscular  sense  and  of 
the  sense  of  posititjn  of  the  leg;  a 
general  hyfiersensitive  state  to 
touch,  temperature,  antl  pain  up 
to  the  level  of  the  lesion,  which 
may  syl)side  after  a  time;  there  is 
a  narrow  zone  of  anaesthesia  about 
the  body  to  touch,  temperature, 
and  pain,  the  latter  two  being  lost 
a  little  lower  than  touch. 

2,  On  the  side  opposite  the  lesion 
there  is  no  paralysis;  there  is  a 
slight  increase  of  tendon  reflexes; 
there  is  anaesthesia  to  touch,  tern* 
perature,  and  pain  up  to  a  line 
passing  about  the  liody  about  an 
inch  lower  than  the  zone  of  ana^s* 
thesia  on  the  side  of  the  lesion. 
The  accompanying  diagram  (Fig. 
138),  illustrating  the  course  of  mo- 
tor and  sensory  fibres  through  a 
cord,  which  is  supposed  to  have  a 
lesifju  involving  one  segment  nn 
the  left  side  t)nly,  ilemonstratcs  the 
manner  in  which  these  symptoms 
are  produced.  The  lesion  inter- 
rupts the  transmission  of  nervous 
impulses  of  vjixious  kinds.  In  a 
patient  of  my  own  a  fracture  of 
the  seventh  dorsal  vertelira  caused 
this  syndrome,  which  was  partly 
relieved  by  operation.  Tht^  fractureil  hunina  that  compressed  the 
cord  was  removed,  the  symptoms  gradually  sul»sided,  but  even  at 
the  end  of  eight  years  thiTe  remains  some  stiffness  of  the  paralyzed 
leg  and  an  a]>preciable  difference  of  sensation  on  the  twY»  sides  in 
the  legs. 

IV.  Fractures  at  the  lower  two  dorsal  and  upper  lumbar  vertebr*ne 
the  most  connnon  fractui'es  of  the  spine,  over  one-half  of  the 
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cases   being  in  this  locality.     Such  fractures   injure   tlie   hiinbar 
enlargement  of  the  cord. 

(a)  \\Tnen  the  upper  part  of  the  enlargement  is  destroyed  there  is 
total  paralysis  vnXh  flaeeid  conthtion  in  the  abdnniinal  uiiiscles  and 
in  the  miiscles  of  the  thighs,  with  ineretising  atrophy  and  reaction 
of  degeneration  and  a  loss  of  reflex  action;  there  is  paralysis  \^^thout 
atrophy  or  change  in  electric  reaction  in  the  muscles  of  the  legs  and 
feet;  the  legs  lie  extended  in  bed  antl  cannot  be  drawn  up;  tliere  is 
loss  of  voluntary  control  of  the  IJadder  and  rectum,  wit li  retention 
of  urine;  compression  of  the  testicle  does  not  cause  a  contraction  of 
the  abdominal  muscle  of  tlie  same  side  (Kocher's  reflex);  there  is 
anajsthesia  as  high  as  Ptmpart's  hgainent  about  the  body,  and  the 
girdle  sensation  is  located  here.  Sometimes,  however,  when  the 
upper  two  lumbar  segments  escape,  the  funnel-shaped  area  on  the 
front  of  the  thigh  is  hy{iei"sensitive  (Fig,  139),  a  sense  of  pain  is  felt 
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AraftOf  an^ffiBtberiA  In  a  lesloQ  of  the  lower  t^o  lum- 
ber Mfiueuti  oQ  the  left  lide  and  entire  luinb«jr  en- 
largtm^tit  on  th«  right  ilde.  (SCftrr  and  MiBurney,) 


AnoeetheaJa  afler  a  lesion  of  the  fifth 
tumbar  a^ment  iEu!enberg.) 


there,  and  the  anaesthesia  is  confined  to  the  area  corresponding  to 
the  third  liiniliar  seginent  and  the  segments  below  it.  If  these 
patients  recover  in  part,  aa  they  often  dti,  a  great  degree  of  inability 
remains,  as  the  tliighs  are  paralyzed. 

(6)  When  the  lower  part  only  of  the  lumbar  eidargement  is  de- 
stroyed, the  upper  ]>ortion  escaping,  the  paralysi?^  h  limited  to  the 
legs  below  the  knees.or  even  to  the  peronei  and  feet,  anil  these  niviscles 
are  soon  atrophied  and  show  a  reaction  (jf  degeneration;  the  thighs 
are  drawn  up  in  bed  and  the  legs  are  flexed;  the  knee-jerks  :ire 
sometimes  present,  but  there  is  never  any  ankle  clonus  or  toe  reflex; 
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there  is  paralysis  of  the  bladder  and  rectum,  with  complete  relaxation 
of  both  sphincters;  pain  is  felt  in  the  back  and  in  the  feet  or  legs; 
the  anaesthesia  is  confined  to  the  back  and  outer  part  of  the  thigh, 


Fig.  141. 


Fio.  142. 


Anaesthesia  after  a  lesion  of  the  first 
sacral  segment.    (Starr.) 


Ansesthesia  ftom  a  lesion  of  the  fourth  lumbar 
segment.    (Wichmann.) 


Fio.  148. 


Fig.  144. 


Fig.  145. 


Anscfltbesia  after  lesions  of  the  second,  third,  and  fourth  sacral  segments. 
(  Oppenheim,  Huber,  and  Starr.) 


and  is  greatest  on  the  outer  part  of  the  leg  and  foot,  some  one  of  the 
peculiar  areas  of  anaesthesia  shown  in  Figs.  140  and  141  being 
present.     Sensation  in  the  testicles  is  preserved.     In  these  cases 
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a  recovery  loaves  the  patient  with  some  power  of  getting  about  on 
crutches,  as  apparatus  niay  hold  the  knees  and  ankles  firm,  wliile  tlie 
thighs  are  under  voluntary  (*ontr(jl. 

(e)  LevSions  are  sometimes  limited  to  the  coiius  terminalis  or  lower 
three  sacral  segments.    The  most  common  lesion  is  a  hemorrhage. 

The  symptoms  produced  are  a  loss  of 
control  of  the  hhidder  and  rectum,  with 
cotnplete  rehixatioii  of  the  spliincters,  a 
total  loss  of  sexual  power,  and  an  area  of 
ana'sthesia  either  limited  to  the  anal  re- 
gion, including  the  posterior  part  of  the 
scrotuiii  or  posterior  half  of  the  labia  and 
t>erineiuri,  or  extending  into  a  heart- 
shaped  area  over  the  sacrat  region.  (Figs, 
143  to  145,) 

W  Fractures  of  th(*  lower  four  lumbar 
vertebra'  or  of  the  sacrum  cause  compres- 
sion of  the  Cauda  ecjuina,  but  no  injury" 
of  the  cord.  The  cauda  equina  is  shown 
in  Fig.  146.  Compression  of  it  by  frac- 
ture produces  very  much  the  same  kiml 
of  symptoms  as  injury  of  the  spinal  cord, 
since  it  is  made  up  of  the  nerve  roots 
coming  off  from  the  lumbar  enlargement. 
When  this  mass  of  iier^'es  is  compressed 
it  is  found  that  the  innermost  ones  suffer 
chiefly,  and  as  these  arise  from  the  sacral 
segments  the  symptoms  of  injury  to  the 
cauiia  equina  are  often  those  of  sacral 
lesions,  viz.,  paralysis  of  the  feel  and 
t}ernnei,  loss  of  control  of  tlie  bladder  an<! 
reetuni,  with  relaxation  of  the  sphincters 
atul  incniitinence  of  urine,  and  ana-sthesia 
in  the  saddle-sliaped  area  on  the  buttocks, 
alHiu!  the  aims,  and  on  tlie  posterior  part 
of  the  genitals.  The  symptoms  may  not 
be  eiiually  distributed  in  the  two  legs.  In 
one  case  of  fracture  of  the  fourth  luml)ar 
vertel>ra  tlie  symptoms  were  unilateraL 
Fig,  147  shows  the  drop-foot  present  in 
this  patient,  and  Fig.  148  shows  the  area 
of  anaesthesia  prese nt .  No  Bro  wn-S^quard 
syndrtnne  can  be  caused  l)y  a  partial  lesion 
of  the  Cauda  equina.  Tlie  power  of  re- 
generation of  the  nerves  is  well  known.  Hence  complete  recovery 
is  possible  after  cauda  lesions.  In  the  patient  show^n  in  Fig.  147, 
operation  for  the  elevation  of  bone  and  removal  of  pR*ssure 
resulteil  in  a  complete  cure. 
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Dlftffr&m  of  the  lumbur  enlargo- 
meiit  And  the  CAudA  equtniL.  A, 
lesftion  of  the  lower  b&lf  of  ibe  eti* 
UrKemcnt.  and  if,  lesion  oompreift- 
Ing  the  oaodft  equina  produce  ideo- 
tloal  imhtous  gjmptonm^  Her,  An- 
terior crutml  nerve.   (Sehaltie.) 
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The  fiiagriosis  of  a  eauda  enuiiia  leMioii  from  a  lesion  of  I  he  lower 
part  of  the  cord  is  not  always  possible  from  the  iier^^fms  syniptoms 
alone.  The  iliagrani  of  Schultze  (Fig,  146)  shows  that  two  lesions 
may  cause  the  same  symptoms.  In  fraotures  or  injuries  the  location 
of  the  lesion  is,  however,  not  so  uncertain  as  it  is  in  hemorrhage 
within  the  cord  or  in  tumors  within  the  spinal  canal.  It  is  to  be 
remenibered  that  at  the  site  of  the  fracture  or  injury  the  nerves  are 
often  lacerated  or  compressed  as  they  issue  from  the  fractiu'ed  ver- 
tebra. This  causes  intense  pain  or  a  zone  of  anaesthesia.  The  location 
of  this  pain  or  zone  may  be  at  a  higher  level  than  the  ana^thesia 


Fro.  147. 


Fta.  148. 


£irop-f{Mt  After  compretidoo  of  tlie  rigbt  httlf  ofthe 
catidft  e^^iilnji,  rellered  by  operacloa. 


Area  of  fttiieithesla  after  oompret- 
i]on  of  tbe  cauda  eqiiloa.  (Sturr  aud 
Lloya.) 


pro(hiced  by  compression  of  the  eauda  or  cord,  and  may  often  be  a 
guide  to  the  level  of  the  lesion.  Thus  in  a  case  of  injury  to  the  back 
the  pain  was  felt  on  the  outer  side  of  the  thigh  on  one  side,  and  in 
this  region  the  skin  was  ana-stlietic,  tlie  paralysis  was  limited  to  the 
feet,  bladder*  and  rectum,  and  there  was  fair  sensation  in  the  areas 
belonging  to  the  fourth  and  fifth  lumbar  segments.  In  this  case  the 
diagnosis  of  a  !esioo  of  the  thinl  lundjar  segment  could  be  excluded 
and  a  diagnosis  made  of  compression  of  the  cauda  equina  and  lacera- 
tion of  the  thirfl  lundiar  nerve.  Symptoms  of  cauda  equina  lesions 
are  less  likely  to  be  exactly  synmietrieal  in  their  distriliution  than 
symptoms  of  lesion  of  the  conus  termioalis.  In  cauda  equina  lesions 
severe  pain  in  the  back,  perineum,  and  genitals  is  more  common  than 
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in  lesions  of  the  cord.  Bed-sores  are  more  likely  to  develop  in  lesions 
of  the  cord. 

In  the  description  of  symptoms  here  gi%x^n  tlie  lesion  has  been 
Llescribed  as  a  triiiLsvcrse  one.  This  is  the  rule.  But  in  many  eases 
the  lesion  is  somewluxt  iiregular,  one  side  or  part  of  the  cord  suffering 
more  than  the  other.  And  in  other  cases  there  occur  perforating 
hemorrhages  in  the  gray  matter  above  the  transverse  lesion,  which 
also  give  rise  to  sTOiptoms,  In  both  these  conditions  the  symptoms 
are  not  as  symmetrical  as  in  a  transverse  lesion^the  paralysis  may 
be  greater  in  one  leg  or  arm  than  in  the  other^  and  the  area  of  anaes- 
thesia on  the  two  sides  may  differ.  The  asymmetry  of  symptoms 
is  even  more  marked  io  spontaneous  hemorrhage  in  the  cord  without 
external  injury.^ 

Another  symptom  wliich  requires  sjiecial  mention  is  the  extreme 
lancinating  |>ain  felt  either  in  the  trunk  {)r  in  the  extremities  in  tlie 
domain  of  the  nervM?s  wliich  are  compressed  or  lacerated  at  the  point 
of  fracture.  These  i>ains  are  referred  to  the  j^ripheral  termina- 
tion of  the  compressed  nerves  ;  but,  like  the  pains  of  locomotor 
ataxia,  are  of  central  origin.  They  often  aid  in  the  location  of  the 
lesion,  as  they  are  referred  not  to  nerve  districts  but  to  segmental 
areas. 

Diagnosis,  The  most  important  point  to  settle  in  any  case  of 
injury  of  the  sjrinal  cord  by  disiocation  or  fracture  of  the  spine  or 
by  internal  henifjrrhc^ige  is  the  question  whether  the  cord  has  been 
completely  destroyed  at  any  level,  whetlier  the  transverse  lesion  is 
total  and  the  cord  below^  it  is  cut  off  entirely  from  the  cord  above. 
If  any  sensations  whatever  are  felt  by  the  patient  in  the  parts  below 
the  lesion,  such  as  paiiLS,  numbness,  crami)s,  distention  of  the  bladder 
or  rectum,  abdominal  pain,  or  if  clumges  of  jjo^ition  given  to  the 
limbs  are -perceived,  or  if  any  motion  in  the  legs  is  possiljle  the  lesion 
is  not  total.  Even  when  there  is  total  ana^thesia  it  is  possible  in 
some  cases  to  cause  sensations  by  severe  irritation  l;>y  needles  in  the 
paralyzed  parts,  and  these  are  felt  in  the  hyper^esthetic  zone.  This 
never  occurs  if  the  lesion  is  total.  The  tendon  reflexes  returti  soon, 
if  lost  at  first,  and  become  exaggeratetl  in  partial  lesions.  If  the 
lesion  is  total  the  patellar  tendon  reflex  is  permanently  lost  (Miles, 
Bastian,  Koclier),  the  piiralysis  of  the  It^gs  is  flaccid,  and  they  show 
no  rigidity  on  piis^ive  motion:  the  line  of  ana'sthesia  is  more  sharply 
defined  and  is  absolute;  skin  reflexes  are  k^st;  tlien^  is  greater  vaso- 
raotor  paralysis  in  tfie  parts  bek^w  the  U^ion;  the  limbs  are  hot,  the 
veins  distended,  priapism  is  present  or  easily  produced  by  irritation 
of  the  genitals,  groins  or  thighs,  the  urine  is  retained,  and  the  rectum 
pariilyzed. 

Prognosis,  The  [irognosis  in  cases  of  injury  of  the  spinal  cord 
de[3ends  very  largely  upon  the  degree  and  severity  of  the  symj^toms 


1  Fur  ei  rill]  hUtory  of  tho  ca»ce  here  ci  14^(1  the  reader  i^f  referred  to  the  Atucrican 
Jourtud  uf  ilw  Medic»l  Scienceiti  JuJyi  1S92,  mid  Brain,  1S94. 
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presentetl.  The  hightT  the  lesion  the  worse  the  jJFogiiysis  l>oth  a.s 
to  Hfe  and  as  to  the  degree  of  recovery. 

Inasmuch  asM  repair  of  the  spinal  cord  does  not  occur, and  although 
scar  tissue  may  form  at  the  seat  tjf  the  lesion,  no  restoration  of  con- 
tinuity of  the  ner\'e  fihres  is  ix)ssil>le^  and  no  regeneration  of  nerve 
tissue  within  the  cord  hajs  ever  been  known  to  occur:  tlie  pimgnosis 
in  spina!  injuries  is  a  very  bad  one.  This  fact  should  be  carefully 
considered  before  any  attempt  at  surgical  interference  after  such 
injuries  is  uinlertaken.  Wlien  the  exarmnation  with  Roentgen  rays 
demonstrates  tiie  existence  of  pressure  it  is  a  matter  of  com])arative 
ease  to  the  surgeon  to  remove  it.  Such  operations,  however,  are 
unifurmly  disap]>ointing,  for,  although  the  surgical  end  desired  nuiy 
be  attained,  it  is  rarely  followed  l>y  any  improvement  in  the  condition 
of  the  patient.  Hence  the  prognosis  in  these  affectioas  is  extremely 
unfavorable  under  all  circumstances,  and  the  local  diagnosis  of  the 
seat  of  the  injury  is  therefore  a  matter  more  of  medical  interest  than 
of  practical  !m|>ortance  to  the  i)atient.  In  minor  injuries  where  the 
spinal  cord  is  only  slightly  disintegrated,  and  where  but  one  or  two 
of  the  main  motor  or  sensory  tracts  are  involved  in  the  injury,  some 
restoration  of  function  may  spontaneously  ensue.  Hence  the  im- 
portance of  guarding  against  such  complicating  conditions  as  bed- 
sores and  cystitis  which  are  the  immediate  cause  of  death  in  so  oiaoy 
cases.  Rest  in  time  may  result  in  the  gradual  iin]>rovenient  of  the 
symptoms,  and  the  patients  may  even,  after  medium  or  sliglit  injiu-y, 
be  able  to  get  about  in  a  state  of  spastic  paraplegia  of  a  more  or  less 
complete  degree.  Gurlts  havS  aflirmed  that  when  paralysis  of  tJie 
bladder  and  rectum  continues  after  eight  weeks  a  spontaneous  recov- 
ery never  occurs. 

Treatment.  The  treatment  of  injuries  of  the  spinal  cord  consists, 
first,  of  the  treatment  of  the  surgical  condition  which  is  the  cause  of 
the  injin^y,  by  giving  pro|)er  support  to  the  back,  by  reduction  of  the 
dislocation,  by  correction  of  the  fracture,  if  possible,  and  by  removal 
of  bone  w^hich  is  causing  pressure.  The  question  of  surgical  inter- 
ference is  often  difficult  to  decide.  No  operation  is  justifiable  during 
a  condition  of  shock  such  as  usually  follows  a  dislocation  or  fracture, 
or  wiien  high  or  sulmormal  temperature,  rai)id  pulse,  or  labored  res- 
piration are  present.  When,  after  a  few  days,  the  shock  has  passed 
off,  the  general  symptoms  may  iussist  the  decision.  If  there  is  e\ddence 
of  a  total  transverse  division  of  the  cord  an  operation  is  useless. 
If  tlie  cord  is  only  partially  injured  an  operation  may  lio  good  when 
it  is  e\ddent  tliat  the  symptoms  are  kept  up  by  a  permanent  com- 
pression. Time  may  show  that  the  compression  is  partly  due  to 
hemorrhage, and  iis  this  is  absorbed  some  functions  may  return.  The 
majority  of  surgeons  advise  post[>omng  an  operation  until  after  the 
second  week,  in  order  to  cUstinguish  temporary  symptoms  due  to 
concussion  and  to  shock  or  to  extradural  hemorrhage  from  the  per- 
manent sjanptoms  of  cord  lesion.  To  put  it  off  nmch  longer ,  how- 
ever»  is  to  wait  needlessly.     If  tliere  is  evidence,  by  X-ray  examina- 
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tion»  of  an  existing  compression  of  the  cord  by  tiispkiced  bone,  this 
should  always  be  removeil,  If^  however,  there  is  no  such  exitlence 
an  operation  sliould  he  refused.  The  statisties  gathered  by  Chipault 
and  Hahn  support  this  view.  In  one  huiidre<!  and  sixty-seven  cases 
Chipault  f(Hind  that  twelve  wen*  cured,  twenty -four  were  improved 
and  sixty-five  tlied.  In  sixty-four  ctises  Hahn  found  that  nineteen 
w^ere  cured  or  improved,  twelve  were  slightly  helpeil,  and  twenty-five 
dietl.  Kocher  agrees  wHth  these  surgeons  in  advising  strongly  against 
any  operatitui  unless  there  is  distinct  e\^deiice  that  ])ressure  can  be 
removed.  To  lay  bare  the  cord  mthout  the  prospect  of  relie\aTig 
pressure  is  to  expose  the  patient  to  the  risk  of  a  surgical  operation 
which  can  have  no  result,  for  the  nervous  symjitonis  iire  due  to 
actual  ]>ermanent  destruction  of  si)inalH?ortl  tissues  incapable  of 
rejiair,  H<^nce,  in  the  majority  of  cases,  it  is  necessary  to  refuse 
operation,  to  keep  the  back  perfectly  quiet,  and  by  mechanical 
devices  wiiicli  prevent  motion  of  the  vertebrav  such  as  cushions. 
plaster-of-Paris  jacket,  braces,  extension  apparatus,  etc.,  to  a^ssist 
nature  in  uniting  tlie  broken  bones  in  as  perfect  a  position  as  is 
possible. 

Seeonilly,  the  treatment  of  the  nervous  symptoms  is  by  complete 
and  absohite  rest  in  l^ed  for  several  w^eks  or  months  iifter  the  injury: 
by  the  prevention,  if  possible,  of  l»ed-sores,  by  keeping  the  skin  in 
perfect  order  and  changing  the  position  of  the  jiatient  or  changing  tiie 
points  of  greatt^st  pressure  upon  the  botly  frequently;  l>y  clean  catli- 
eterization  to  prevent  cystitis,  and  careful  regulation  of  the  action  of 
the  rectum  by  eiiemata.  If  spasmodic  contractions  and  cramps  in 
the  muscles  of  the  limbs  at  some  distance  below  the  level  of  the 
lesion  is  an  annojing  sym|)tom,  it  may  sometimes  be  controlled  by 
the  use  (»f  bromide  or  Ijy  the  use  of  bromide  and  chlf>ral,  or  by 
phenacetin.  Pain  at  the  level  of  the  injury,  especially  in  nerves  that 
are  cryshe<l,  will  require  the  free  use  of  morphine,  which  may  have 
t<j  Ije  continued  for  a  long  period.  The  paralysis  must  1:m*  treated 
by  massage  and  electricity  if  it  is  of  the  flaccid  iyp^,  but  where  the 
paralysis  is  of  the  spastic  type  electricity  will  only  irritate  ami  excite 
the  nmscles  to  stHismodic  cramps.  Warm  a{}j>!ic!itions,  packs, 
and  mnssage  will  then  Ix*  of  nmch  mnre  service,  Tlie  general  health 
of  the  patient  is  to  be  regarded  as  well  as  the  local  condition,  anti  is 
more  amenable  to  medical  treatment  by  thugs  than  is  the  spinal 
lesion. 
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CHAPTER    XXI. 

COMPRESSION  OF  THE  SPINAL  CORD. 

The  spinal  cord  may  be  compressed  by: 

I.  Caries  of  the  vertebrse. 

II.  Carcinomatous  growths  of  the  vertebrse  or  meninges. 

III.  Syphilitic  exudations  into  the  spinal  canal. 

IV.  Tumors  within  the  spinal  canal,  either  extradural  or  intra- 
dural; extraspinal  or  intraspinal. 

V.  Aneurisms  of  the  aorta  causing  absorption  of  the  vertebral 
bodies. 

VI.  Pachymeningitis  cervicalis  seu  lumbalis  hypertrophica. 

Any  one  of  these  causes,  acting  as  it  does  in  a  gradually  progressing 
manner,  and  usually  localized  at  one  level,  produces  a  slowly  increas- 
ing compression  of  the  dura,  of  the  pia,  and  of  the  bloodvessels  of 
the  cord,  and  of  the  spinal  cord  and  of  its  nerve  roots,  both  outside 
and  at  their  point  of  entrance  into  the  cord. 

I.    GABIES  OF  THE  SPINE. 

Pathology.  The  most  common  cause  of  compression  is  caries  of 
the  spine.  One  of  the  favorite  sites  of  tuberculous  disease  is  the  body 
of  the  vertebra,  and  caries  starting  here  may  extend  into  the  laminse 
as  well.  This  caries  may  be  and  usually  is  attended  by  the  formation 
of  pus,  which  collects  as  an  abscess  outside  of  the  spine  and  per- 
forates, or  which  may  press  on  the  dura  and  spinal  cord  within  the 
canal.  The  result  of  a  tuberculous  degeneration  of  a  vertebra  is  a 
gradual  softening  of  its  bony  mass,  which  thus  removes  the  support 
of  the  body  and  allows  a  sinking  of  all  the  vertebra  above  it.  As 
the  diseased  vertebra  gives  way  a  displacement  forward  and  down- 
ward occurs.  The  spinous  process  is  thus  projected  backward,  pro- 
ducing the  characteristic  deformity  of  Pott's  disease,  viz.,  kyphosis. 
Less  commonly  a  lateral  deviation  occurs.  Usually  in  connection 
with  such  disease  of  the  vertebra  tuberculous  deposits  are  formed 
between  the  bone  and  the  dura  mater,  producing  a  pachymeningitis. 
These  masses  are  of  a  caseous  nature  with  much  connective-tissue 
formation,  but  occasionally  they  break  down  into  purulent  debris. 
In  very  many  cases  of  tuberculous  disease  of  the  spinal  column  the 
dura  appears  to  offer  a  protection  to  the  cord  from  any  direct  infec- 
tion. However  great  the  formation  of  caseous  material  or  of  pus 
outside  of  the  dura  the  inner  surface  of  the  dura  remains  smooth  and 
clean.     Occasionally,  however,  this  is  not  the  case;  the  dura  becomes 
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erotleti  or  its  inner  surffice  may  he  stutkled  with  tubercles,  or  a 
caseous  mass  may  form,  involving  Ijoth  the  arachnoid  and  i)ia.  Thus 
the  membranes  may  be  fused  into  a  den^e  masii;  which  impinges 
directly  upon  the  spinal  cord.  Pressure  upim  the  cord  primarily 
affecti^  its  IjlocHhessels  and  produces  a  condition  of  iseha^mia  which 
may  be  sufhciently  intense  to  ^o  on  to  necrosis.  Where  the  press- 
ure is  not  very  severe,  this  ischicmic  contUtion,  wliile  sufficient  to 
cause  a  lack  of  general  nutrition  of  the  cord  at  the  point  of  j^ressure, 
is  not  enough  to  set  up  true  <Iestryctive  or  degenerative  processes; 
and  while  sjonptoms.  sucli  as  increase  of  the  reflexes  below  the  level 
of  the  lesion,  some  degree  tjf  motor  weakness  and  stiffness  of  the 
limbs,  slight  panesthesia%  ami  possibly  severe  pain  of  a  girdle  nature 
in  the  domain  of  the  spinal  oenTS  wliose  roots  are  compressed,  may 
remain  for  some  time,  yet,  if  the  pressure  Is  relieved  by  heahng  of  the 
process  or  by  removal  of  the  mass,  they  may  subside  and  a  restora- 
tion of  function  in  the  cord  may  ensue.  In  some  cases,  however,  the 
pressure  produces  a  true  constriction  of  the  cord  which  is  visible  at 
the  autopsy. 

Flo.  Uf. 
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Epidural  ruberaulodi.    The  ocMrd  Is  Ugtidy  iiiirouiifded  by  the  thickened  dunk 
Magnified  wltb  a  haad*glaM<    (JSobnuiu-Sackl.) 

Microscopic  examination  of  the  cord  opposite  tlie  i>oint  of  such 
pressure  dc^es  not,  as  a  rule,  show  necrosis  rather  than  inflam- 
mation. There  is  a  swelling  of  the  axis  cylinders,  a  segmentation 
of  the  myelin  sheath  with  fatty  droijs,  a  disappearance  of  the  nerve 
fibres,  with  secondary  hyjterplasia  of  the  glia,  and  a  production  of 
sclerotic  patches.  The  cells  of  the  coril  at  this  point  are  often 
atrophied  and  found  in  various  stages  of  degeneration,  clu^omato- 
lysifl,  and  vacuolization.  In  more  advanced  stages  of  the  disease 
this  results  in  a  disappearance  of  the  nerve  fil*res  and  cells,  whose 
place  is  taken  by  small  cells,  small  nuclei,  and  thickened  glio- 
matous  tissue,  with  an  increase  of  connective  tissue  about  the  blood- 
vessels. Corpora  amylacea  and  Deiters'  cells  are  often  found  in  the 
mass.  In  the  terminal  stage  of  the  process  the  spinal  cord  at  the 
point  of  compression  is  reduced  to  a  mass  of  connective  tissue,  the 
nervous  elements  l)eing  cnmj)letely  tlegenerated.  Occasionally  tulier- 
cies  are  found  along  the  blooilvessels  extending  into  the  spinal  cord. 
It  is  evident,  therefore,  that  the  degree  of  the  pressure  will  determine 
the  degree  of  tlie  degeneration.     (Fig.  126,  page  361.) 
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There  is  considerable  discussion  among  pathologists  as  to  whether 
the  origin  of  the  pathological  process  is  a  pressure  upon  the  blood- 
vessels, producing  ischii?niia  and  necrosis,  or  ui)on  tlie  iTOiph  chan- 
nels, producing  a  stasis  and  serous  effusion  \\itb  oedeoia  of  the 
cord  and  secondary  degeneration,  or  whether  the  mechanical 
compression  of  the  nervous  elements  results  in  a  primary  degen- 
eration without  any  vascular  or  hmphatic  staisis.  The  evidence 
offered  by  different  authors  for  the  existence  of  all  three  condi- 
tions is  so  overwhelming  as  to  make  it  apparent  that  all  three 
ccinditions  may  occiu*.  We  therefore  assume  that  the  pathological 
process  in  a  comjiression  myelitis  varies  in  ilifferent  individuals. 
But  in  all  the  terminal  lesion  may  be  considered  the  same,  namely, 
a  destruction  of  the  nervous  elements  and  the  production  of  glio- 
matous  tissue  of  a  scar-like  nature  at  the  point  of  compression. 
Fig.  124  (page  344)  shows  the  api>earance  wlien  cedematous  processes 
are  present,  and  Fig.  126  (page  361)  shows  the  terminal  result  when 
scar  tissue  only  is  found. 

After  comf>ression  of  the  cord  of  sufficient  degi-ee  to  cause  a  disin- 
tegi'ation  of  the  tracts  passing  through  it,  secondary  degenerations 
develop,  and  as  the  compression  of  the  cord  increases  and  the  tracts 
in  their  entire t}^  are  cut  off  from  their  respective  neurones,  this 
degeneration  becomes  well  marked.  The  location  of  these  secondary 
degenerations  has  already  l>een  descriljeil  on  page  349,  with  the 
patholog>'  of  acute  myelitis.  Tiie  nerv^e  roots  lying  adjacent  to  the 
cord  or  passing  out  through  the  caseous  mass  are  degenerated, 

Sjnaptoma.  Tlie  symiitoms  of  caries  of  the  spine  are,  first,  pain, 
in  the  back  in  the  bones  that  are  affected,  and  this  pain  is  increased 
by  any  motion  or  liy  such  acts  as  cougliing  or  sneezing  or  by  sudden 
muscular  efforts.  Walking  rapidly  or  bringing  the  weight  of  the 
body  down  suddenly  upon  the  heels  usually  causes  pain  in  the 
affected  vertebrae.  Tenderness  to  pressure  and  to  heat  or  to  elec* 
tricity  over  the  disease<l  vertebra^  is  an  early  symptom.  Stiffness  of 
the  back  soon  follows.  It  is  due  to  an  involuntary  spasmodic  con- 
traction of  the  tleep  muscles  of  the  back,  reflex  in  character, 
the  object  of  wliieh  is  to  prevent  any  movement  of  the  cUseased  bones 
upon  one  another.  The  stiffness  is  also  partly  voluntary,  the  object 
being  to  prevent  any  additional  i)aiii  upon  movement.  Later  on,  the 
development  of  deformities  of  the  spine  and  a  marked  kyphosis  con- 
firms the  suspicion  of  disease  of  the  bone.  Sometimes  purulent  col- 
lections originating  in  the  bone  find  their  exit  outward  through  the 
skin  of  the  back  or,  burrowing  widely^  ajipear  iu  some  other  point  of 
the  body,  as  a  retropharyngeal  abscess,  as  abscess  of  the  mediastinum, 
or  as  psoas  abscess.  As  the  bony  disease  increases  the  patient  may 
grow  shorter,  the  bodies  of  the  vertebrie  being  gradually  absorbed. 

Pain  is  probably  the  most  valuable  and  earliest  of  all  the  symptoms 
of  caries  of  the  spine.  It  is  limited  to  the  distribution  of  tlie  nerves 
whose  trunks  or  roots  are  involved  in  the  pathological  process,  and 
it  is  felt  in  the  |>eripheral  ilisiribntion  of  these  nerves.     Thus  in  the 
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common  type  of  caries  of  the  dorsal  vertebra  pain  is  felt  in  some  one 
or  two  of  the  intereostal  nerves  shooting  around  the  body  and  causing 
a  sensation  of  a  girdle,  u  feeling  a^s  if  a  band  were  tightly  tirawn  around 
the  trunk.  If  the  caries  is  in  the  cervical  region  the  pmn  is  felt  in 
the  arms  or  hands ;  if  m  tlie  lumbar,  in  the  thighs.  This  pain,  together 
with  the  increa:5e  of  knee-jerks^  may  be  the  only  e\idence  of  com- 
pression  of  the  cord  until  the  development  of  a  deformity  in  the 
spine.  As  the  dis(*ase  advances  the  symptoms  of  transverse  myelitis 
one  by  one  appear,  the  motor  symptoms,  liowever,  lieing  much  more 
common  than  the  sensory.  Thus  localized  atrophic  paralysis  may 
develop  as  the  result  of  i^ressure  on  the  nerve  roots  or  from  disease 
of  the  segment.  Rigirlity  and  weakness  of  the  legs  with  increase  of 
the  reflexes  develops  early.  The  control  of  the  sphincters  may  be 
impaired.  Aiisesthesia  very  rarely  develops  in  comijression  myelitis 
until  the  cord  is  ijretty  completely  iletstruyeil,  though  tingling  and 
numbness  and  shooting  pains  below  the  level  of  the  compression  may 
be  present  for  a  long  time  before  tlie  development  of  a  true  anaes- 
thesia. The  skin  reflexes  are  often  exaggerated.  Later  bed-sores 
may  develojj. 

The  exact  s>Tnptoms  of  compression  of  the  cord  will  depend 
entirely  upon  the  level  of  the  lesion.  It  is  not  necessary  to  rehearse 
these  sjinptoms,  as  they  are  fully  described  in  Oiapter  X,,  upon  the 
diagnosis  of  spinal  lesions,  and  have  teen  mentioned  concisely  in  the 
chapter  upon  injuries  of  the  spinal  cord  (pages  371-378). 

Course.  The  course  of  the  disease  in  caries  of  the  spine  is  very 
slow\  The  early  symjitoms  may  develop  and  continue  for  many 
months  without  going  on  to  a  true  comj)ressiori  myelitis.  In  fact, 
if  treatment  I  »y  orthopedic  measures  is  successful  paralysis  may  never 
develop,  the  sjrine  may  becon»e  fixed  in  its  deformed  position,  and 
all  nervous  symptoms  nuiy  subside.  This  is  the  rule  in  childhood. 
WTien  s>^nl>tonls  of  enmi>ression  of  the  cord  develop  they  may  pro- 
gress very  slowly,  so  that  the  spastic  piiraplegia  may  l)e  present  for 
years  without  incapacitating  the  patient.  Occasionally,  however, 
they  come  on  rajiidly,  I  have  known  a  patient  to  l)e  eoHipletely 
p>aralyzed  in  the  legs  within  three  months  of  the  beginning  of  pain. 
A  sudden  giving  way  of  a  vertebral  body  has  been  known  to  produce 
immediate  paralysis  when  the  j»atient  had  been  free  from  nervous 
symptoms  for  many  months.  Even  when  spastic  jmrajilegia  has 
developt^d  fully  the  symptoms  may  gradually  subside,  as  in  a  i>atient 
of  Oppenheim  who  went  on  to  reco\'er>'  aft(T  seven  years.  This  is 
a  rare  result.  As  a  role,  the  condition  of  spjistic  parai>legio  of  gi-eater 
or  less  intensity  remains  throughout  hfe,  death  t»ceurring  from  some 
complication.  The  occurrence  of  caries  in  childhood,  though  followed 
by  a  long  life  of  freedom  from  syn}|>toms,  may  prpdisjKJse  a  |H?rson  to 
the  development  late  in  life  of  a  lateral  sclerosis.  Gowers  and  Op- 
penheim report  such  ciunes,  :uid  I  also  have  seen  one.  When  caries 
develops  in  midtlle  life  the  probability  of  serious  spinal  sjTiiptoms  is 
greater  than  in  youths  and  the  course  of  the  case  is  usually  more  rapid. 
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Prognosis.  The  prognosis  of  eomjiresskm  myelitis  due  to  caries 
will  depeod  ujion  the  pot^sibility  of  removal  of  the  cause.  \Mien  the 
carious  process  is  not  far  advanced  fixation  of  the  spine  with  exten- 
sion is  not  infrequently  followed  by  a  gradual  recovery^  and  in  these 
cases  it  is  not  uncommon  for  all  of  the  nervous  s^inptoms  to  disap- 
pear. Under  these  circumstances  it  must  be  supposed  that  the 
pressure  was  not  sufficient  to  produce  any  degeneration  in  the  spinal 
cord,  but  the  nervous  symptoms  were  wholly  due  to  an  anaemia  or 
to  an  cedema.  In  other  eases  where  the  disease  makes  further  prog- 
ress the  prognosis  is  muet*  less  favorable.  One  has  to  think  not  only 
of  the  nervous  symj>toms  but  of  tlie  original  disease,  its  progress, 
and  of  its  likeliliood  to  go  on  to  the  formation  of  abscesses  and  to  a 
destruction  of  the  vertebrae  as  well  as  to  complete  paralysis.  The 
prognosis,  therefore,  in  these  cases  is  much  less  favorable  than  in 
ordinary  elironic  myelitis,  and  the  cases  go  on  to  a  fatal  termination 
within  two  or  three  years. 

Treatment.  The  treatment  of  compression  myelitis  from  caries 
consists  in,  first,  the  removal  of  the  cause  of  the  condition,  and, 
second^  in  alleviation  of  the  symptoms.  Tfie  devices  of  orthopedic 
surgery  are  so  numerous  for  the  treatment  of  Pott's  disease  that 
they  cannot  be  enumerated  here,  but  the  successful  treatment  of  this 
condition  is  quite  possible  under  proper  apparatus  and  fixation,  and 
in  the  early  stage  it  is  easy  to  arrest  the  progress  of  the  disease,  to 
remove  the  pressure  from  the  eord»  and  thus  to  secure  recovery.  The 
treattnent  of  the  cause  will  often  remove  many  of  the  nervous  symp- 
tonxs,  notalily  tlie  neuritic  pain,  the  spasmodic  rigidity  and  spasms 
of  the  legs,  the  cramjis  of  the  various  muscles,  and  the  pariesthesia. 
Pain,  however,  may  require  treatment  by  morphine.  Spasms  of  the 
legs  may  be  alleviated  l>y  bromide  or  chloral  I  i>refer  to  give  ten 
grains  of  bromide  of  soilinm  every  two  hours  than  larger  doses  at 
longer  intervals.  If  the  apparatus  worn  will  permit  it,  hot  and  cold 
douches  and  baths  and  jiacks  to  the  spine,  liy  increasing  the  circu- 
lation and  nutrition  in  the  spinal  cord,  are  sure  to  be  fi>IIowed  by  a 
certain  amount  of  benefit.  The  care  of  the  patient's  general  coniU- 
tion  must  never  be  neglected.  Fresh  air,  a  healthy  climate,  the  most 
nutritious  fooil,  supplemented  by  cod-liver  oil  and  all  kinds  of  gen- 
eral tonics,  are  fully  as  important  as  the  local  treatment,  and  should 
always  be  prescribed  in  addition  to  symptomatic  remedies. 


n.    OAROINOMA  AND  SARCOMA  OF  THE  VERTEBE2. 


Carcinoma  of  the  vertebra'  is  usually  secimcUu-y  to  carcinoma  in 
other  parts  of  the  body^  especially  of  the  1>reast.  It  develops  very 
gradually  in  persons  tieyond  midille  life,  women  being  more  fre- 
quently affected  than  men.  Sarcoma  and  osteosarcoma  of  the  spine 
may  develop  at  any  age.  Wliile  these  tumors  begin  in  tlie  body  of 
the  vertebra,  they  extend  rapidly,  involving  the  laminie,  the  Uga- 
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ments,  and  adjacent  vertebrsep  and  yoon  invade  the  spinal  canal. 
Here  they  cause  either  a  direct  pressure  ujwn  the  dura  and  spinal 
cord,  or  more  commonly  they  erode  the  dura,  and  both  the  membranes 
and  cord  are  directly  infiltrated  by  the  new-growth. 

Sjrmptoms.  The  symptoms  are  first  those  referable  to  the  bony  dis- 
ease, ]nun  in  the  spine,  tenderness  on  pressure^  stiffness  and  rigidity  of 
the  neck  or  back,  and  deformity.  The  kyphosis  is  usually  more  diffuse 
than  in  caries,  as  several  vertebrae  are  afTect4:*d,  and  the  development 
of  the  symptoms  is  more  rapid.  Pain  is  an  early  symptom  in  this 
disea^  and  is  most  severe  and  constant.  It  occurs  in  paroxysms  of 
intense  burninjs:,  shooting  character,  it.s  situation  depending  upou 
the  level  of  the  tumor.  It  is  inereai^ed  by  motion,  by  jaiTing,  or  by 
pressure  on  the  spine,  so  that  these  patients  instinctively  av(nd  any 
movement.  The  nerves  at  their  exit  tln^ough  the  vertebra  or  the 
nerve  roots  within  the  spinal  canal  are  directly  involved  in  the  tumor, 
and  hence  the  pain  persists  in  spite  of  treatment.  The  pain  may  be 
at  first  unilateral  but  soon  becomes  symmetrical,  and  is  attf*nded  by 
hy|>era'st!iesia  in  the  |>ainfyl  parts  and  by  muscular  twitchings  and 
spasms.  Herpes  zoster  often  develojis  early.  Symptoms  of  coni- 
preasion  of  the  cord  follow  the  pfiin.     A  rapidly  advancing  paraplegia 

is  the  riile^  and  as  it  is  so  uniformly 
attended  by  pain  it  has  been  termed 
*^I>ara{>legia  dok)rosa.'^  At  the  level 
of  the  lesion  an  atrophic  paralysis  is 
producetl  and  a  spiistic  paraplegia  iii 
the  parts  below  it,  Ttie  level  of  the 
lesion  is  indicated  by  the  extent  of 
the  anaesthesia.  If  it  is  in  the  lower 
cervical  region  there  may  be  a  par- 
alysis  of  the  cervical  sympatlietie 
nerve,  as  shown  in  Fig.  150,  A  loss 
t*f  control  of  bladder  and  rectum  de- 
velrijjs  soon,  and  the  tendency  to  bed- 
sores is  very  marked.  The  intense 
pain  may  cause  a  neurf>tic  or  hyster-- 
ieal  condition,  bnt  tins  should  never 
mislead,  as  objective  symptoms  are 
p^raiyiiiofibeienoetTictuympfttiMrtic  always  present.    The  course  of  the 

ncrreffomcmrclnoinaoftbefplne.   Hernia,    ^qj^    jg    USUallv    rapid,    and,    aS     these 

u»e  file©  Me  seen,  cases  are  not  Open  to  surgical  treat- 

ment, a  fatal  termination  alwa>"s  fol- 
lows. The  duration  is  from  three  to  six  months.  Verj-  rarely  a 
longer  course  has  been  observed.  In  one  case  of  cervical  carcinoma 
the  symptoms  nf  compression  of  the  cord.  Avith  great  pain  in  the 
arms,  were  present  for  threi*  months  without  any  local  signs  of  the 
cUsease.  It  was  suj>posed  to  be  pachymeningitis  cer\icalifl.  This 
case  was  secondary  to  cancer  of  the  liver. 
In  another  case  the  carcinomatous  character  of  the  lesion  was  not 
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discovered  until  after  death,  thtaigh  the  signs  of  coni]>ression  of  the 
cemcal  cord  and  intens^e  pain  in  the  occipital  nerves  and  brachial 
plexus  had  indicated  the  probable  natui'e  of  the  disease,  which  was 
seeoniiary  to  eancer  of  the  breast.  This  patient  for  a  month  never 
made  any  movement  mthout  holding  her  head  firmly  with  lier 
hands.  In  a  third  case  the  s}Tiii>toms  were  those  of  subacute  myelitis 
of  the  lumbar  region,  w^th  gi'eat  pain  in  both  sciatic  nerves^  but 
there  was  no  local  tenderness  of  the  spine  ^  or  deformity.  Here  the 
autopsy  showed  multiple  carcinomata  in  various  abdominal  viscera 
and  a  small  deposit  within  the  spinal  canal  involving  the  cord  and 
membranes,  but  not  eroding  the  l>one. 

In  a  case  of  osteosarcoma  of  tlie  lower  lumbar  region  there  was  no 
external  e^^dence  of  the  diseiise  of  the  bone,  and  the  diagnosis  of  a 
tumor  of  the  cauda  equina  led  to  an  operation  being  undertaken* 
The  softened  bone  was  found,  also  an  erosion  of  the  dura,  and  a  mass 
of  sarcomatous  tissue  surrounding  and  compressing  the  cauda  equina. 

In  a  case  of  carcinoma  of  the  stomach  a  secondary  cancer  of 
the  mid-dorsal  region  developed  and  the  deformity  of  the  spine 
became  evident  two  months  before  paraplegia  occurred.  In  this 
case  the  pain  wa^  referred  chiefly  to  the  front  and  sides  of  the  body 
until  the  paralysis  became  complete. 

It  is  thus  evident  that  the  local  signs  of  the  disease  may  not  precede 
the  nervous  symptoms. 

Treatment,  The  only  treatment  for  this  condition  is  palliative, 
and  the  use  of  hypodermic  injections  of  morphine  to  give  the  patient 
relief  from  the  pain  is  imperative- 


Ill.    SYPHILITIC  EXUDATION  ABOUT  THE  YEBTEBRjE  AND  OOED. 

While  gummy  exostoses  are  not  uncommon  on  tlie  long  bones,  a 
sjrphilitic  disease  of  the  vertebrse  is  a  rare  occiuTence.  It  does  occur, 
however^  and  requires  mention.  I  have  j^een  it  as  a  manifestation 
of  inherited  syphilis  l)oth  in  an  infant  and  in  a  young  man.  In  both 
cases  a  diffuse  thickening  of  tlie  tissues  about  the  spine,  in  the  one  case 
in  the  dorsal,  in  tlie  tit  her  in  the  cervical  region,  occun-ed,  and  symp- 
toms of  slowly  advancing  compression  of  the  spinal  cord  followed. 
In  the  latter  patient  these  advanced  to  well-developed  para|)legia^ 
with  pains  and  weaknt^s  in  tlic  hands  and  a  mild  degree  of  spastic 
paraplegia  in  the  legs.  In  lioth  cases  inunctions  of  mercury  and 
large  doses  of  iodide  of  potassium  produced  a  gradual  subsiilence  of 
all  the  symptoms,  thougli  in  the  latter  ca*^e  a  f>ermanent  increase 
of  knee-jerks  and  a  sliglit  trace  of  sjiastic  gait  remaias. 

A  condition  has  been  described  of  a  gummy  exudation  encasing 
the  spinal  cord  (Fig.  151),  tlie  exudation  l_»eing  within  the  dura  and 
causing  compression  of  the  nerve  roots  and  of  the  cord  itself.  This 
was  not  limited  to  one  level,  and  therefore  the  symjitorns  produced 
were  those  of  chronic  myelitis.  It  was  due  to  iiJierited  sypliilL^. 
SypliiUtic  exudafioiLH  have  I)een  oliserved  in  the  tertiary  stage  as  a 
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result  of  acquired  syphilis.  ThesymjJtoins  produced  were  localized 
swelling  and  signs  of  tumor  of  the  vertel>ne  without  iiiudi  pain,  and 
sjmiiJtoiiis  of  compression  of  the  spinal  cord.  The  course  was  a  slow 
one,  and  recovery  followed  treatment. 


Flo.  151. 
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Qammy  exudutlon  About  the  eord  and  raerre  root*,  n.  Gummy  mosses,  b.  Thickened  copsule 
of  the  eord.  c.  Kervo  rooU.  d.  FI&.  e,  Ajsceadtiig  degeneration  It)  ooUimns  of  GoU.  {Butleraachp 
Arch.  f.  Piych.,  xtU.,  «08.) 


IV,    TX7M0ES  ^FFEOTINQ  THE  SPINAL  00 ED. 

Tumors  of  the  vertebra  that  press  upon  the  cord  are  twice  as 
common  aa  tumors  of  the  membranes  and  of  the  cord  combined. 
Statistics  show  that  tumors  affecting  the  cord  are  relati\'ely  rare. 
Schlesinger  found  only  147  in  35,000  autopsies  and  151  in  6540 
tumors.  The  ratio  to  tumors  of  the  brain  is  one  to  thiileen.  Yet 
an  added  importance  to  tumors  of  the  eord  has  been  recently  given 
by  their  successful  removal,  and  hence  every  fact  which  aids  an  early 
diagnosis  is  of  interest. 
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Pathology*  The  preredin^  table 
of  Sehlef^iiiger  .^liows  the  varieties  of 
I  tumor  fiffeetin^  the  spinal  cord  and 
their  relative  frequency,  their  situa- 
tion ^  the  fact  that  tumors  are  in 
many  cases  multiiile,  the  fact  that 
they  often  involve  l)oth  membranes 
and  cord  together,  and  the  fact  that 
meningeal  tumors  are  more  common 
than  medullary  tumors. 

Sarcoma  alKiut  the  cord  has  a  ten- 
dency to  extend  rapidly,  invading  the 
memliranes  and  tlie  posterior  surface 
of  the  ct>rd,  thoujsjh  more  conmionly 
compressing  than  destroying  tlie  cortL 
It  is  rarely  encapsulated,  but  often 
surrounds  the  cord  anil  can  be  strip- 
ped  from  it.  But  sometimes  it  is 
closely  adherent,  and  in  other  cases 
infiltrates  the  cord,  folIo\ring  the 
vessels  and  comjjressing  and  destroy- 
ing the  nervous  elements.  But  the 
fact  that  such  destruction  is  the  ex- 
ception rather  than  tk*  rule  increases 
the  chance  of  success  in  its  removal. 
Sarcoma  is,  however,  often  multiple, 
and  not  infrequently  sarcoma  of  the 
cerebellum  or  of  other  organs  is  as- 
sociated with  sarcoma  of  the  cord. 
Sarcoma  often  starts  from  a  nerve 
root  and  invades  both  meninges  and 
cord.     (Fig.  153.) 

Tubercle  is  more  likely  to  develop 
within  the  cord  than  in  the  mem- 
branes when  it  occurs  as  a  solitary 
tumor,  though  a  tuberculous  menin- 
gitis is  relatively  more  frequent  than  ' 
tumor  and  may  develop  as  a  compli-  \\ 
cation  of  it.  Solitary  tubercles  are 
occasionally  found  throughout  the 
cord,  as  Raymond  has  shown,  but 
the  usual  form  of  tumor  is  a  caseous 
nuis.s  within  tlie  cord.  In  some  ctises 
it  appears  to  erode  the  cord,  not  in- 
creasing its  diameter  or  changing  its 
contour,  and  it  usually  begins  in  Un 
gray  matter,  showing  that  the  infec- 
tion reaches  the  cord  by  the  vessels 
rather  than  from  the  meninges.     In 


Fio.  15LI. 


S&rcoma  sumiuntirng  the  spliml  eord  und 
tuTftdlag  the  nerve  roots.  (Schiaz.) 
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a  few  casesj  as  in  one  of  my  own,  a  tuberculous  mass  may  lie  upon 
the  cord  and  compress  it,  and  hcmce  l>e  easily  removed- 

But  the  tendency  to  recurrence  is  more  marked  in  tubercle  than 
in  other  forms  of  tumor,  and  tlie  difficulty  of  removal^  together 
with  the  danger  of  infection  of  the  meninges,  makes  an  operation 
much  more  unfavorable  in  this  form  of  tumttr.  In  my  ease  the 
patient  developed  a  general  tuberculous  spinal  meningitis  two 
mooths  after  the  removal  of  tlie  tumor,  and  died.  Tubercles  grow 
rapidly;  hence  the  course  of  the  case  is  one  of  fast  progress. 

Echinococctis  and  q/siicernis  cysts  ai*e  much  more  common  in 
Germany  than  in  this  country,  and  henee  require  little  notice  here. 

Fia.  ifiS. 


.>  A>  --. 


5V^ 


GUownxtniA  of  Lbe  cord.    Tbe  cord  la  Invaded  and  de»Lrojed  on  Ibe  left  dde, 
(Specimen  fbmfihcd  by  E.  W.  Taylor  and  M.  Prince,) 


They  grow  rapidly,  causing  a  progressive  compression  of  the  cord, 
but  do  not  invade  it  as  a  rule.  Hence  the  symptoms  are  those  nf 
compression  myelitis, 

Fibrama  .s[>rin^  from  the  meninges,  usually  from  the  dura  on  its 
iimer  sm^face.  It  lies  upon  and  coni|m^ses  the  cord,  but  does  not 
invade  it.  It  is  encapsulated  and  single.  It  grow^  very  slowly,  and 
is  the  most  favorable  tumor  for  operation  beeaus<?  both  diagnosis  and 
surgical  treatment  are  comparatively  simple,     (Fig.  154.) 

Gnmma  usually  originates  in  the  meninges,  infiltrates  them  and 
also  the  cord,  gluing  both  together  iu  a  soft  miiss  and  destroying  the 
cord  tissue  completely.     It  is  diffuse,  not  encapsulated,  and  grows 


394 


COMPEE.SSJOy  OF  THE  SPIXAL  CORD. 


its  entire  length.  It  does  not  involve  the  meninges.  It  is  very 
vascular,  but  rarely  cootaias  cysts  as  do  gliomata  in  the  brain. 
It  grows  very  rapidly  and  is  impossible  of  removal.  It  is  not  in- 
freciuently  associated  with  sarcoma,  but  gliosarcoma  often  involves 
the  meninges  as  well  as  the  con!  itself. 

Fsammotna  is  a  hard  ovale  timior  f>riginating  in  the  arachnoid  or 
dura  and  lying  upon  the  cord.  It  is  sharply  defined  and  chalky. 
It  is  not  improbable  that  the  small  chalky  plaques  that  are  so 
common  in  the  arachnoid  on  the  posterior  surface  of  the  cord  are 
tlie  beginning  of  psannnoiiia,  but  tliey  rarely  go  on  to  a  size  that 
can  compress  the  cord.  A  large  tumor,  four  centimetres  long  and 
two  centimetres  thick,  was  found  by  FaL  This  had  given  rise  to 
symptouLs  for  six  3- ears.  These  tumors  grow  slowly  anct,  like  fibroma, 
are  easily  diagnosed  and  rom*ivecL 

Mijioma  is  usually  intradural,  sometimes  extradural,  but  never 
infiltrates  the  spinal  cord.  It  is  single,  encapsulated,  vascular,  and 
may  be  cystic,  of  slow  growth,  and  is  easily  removed. 

Liponm  is  often  multi])le,  is  intradural,  more  frequently  than  extra- 
dural, though  occasionally  masses  of  fat  are  found  al  jout  the  l>aek  and 
between  the  vertebne.  It  is  a  soft,  encapsulated,  fatty  tumor  of 
slow  growth  and  easily  removed.  The  other  forms  of  tumor  given 
in  the  table  are  so  rare  as  to  be  curiosities  of  pathology.  lOndothe- 
lionia  is  a  very  small  tumor,  always  meningeal  and  often  multiple, 
Melanosarcoma  occms  in  the  cord  as  a  })art  of  a  general  affection 
only.     Neuroma  is  usually  a  fibroma  locateil  on  a  ner\'e  root. 

The  diagnosis  of  the  variety  of  tumor  present  in  any  case  during 
life  is  rarely  possible,  though  the  facts  already  stated  in  regard  to 
the  rapidity  of  growth  and  the  tendency  to  the  appearance  of  tinners 
in  other  organs,  or  ui  iiiultiple  tumors  of  the  cord  may  afford  some 
hint  as  to  the  probable  nature  of  the  tumor. 

Malignant  tumors  are  ten  times  as  freciuent  as  Ix^nign  tumors. 
The  situation  of  intramedullary  tumors  is  usually  in  the  cer\ical  or 
lumbar  enlargement  of  the  cord;  that  of  extramcduUary  or  meningeal 
tumors  is  chiefly  in  the  dorsal  region.  If  the  two  are  taken  together 
it  appears  that  no  part  of  the  cord  is  jniilicularly  liable  to  tumor. 
Hence  the  situation  of  a  tumor  does  not  throw  nmch  light  upon 
either  diagnosis  or  |>rognosis  regarding  ijperation.  Tumors  are  iriueh 
more  commonly  situated  on  the  postericir  and  lateral  surfaces  of  the 
cord  than  upon  the  anterior  surface,  hence  they  are  not  difficult  of 
access  to  the  surgeon. 

Etiology.  Children  are  subject  to  tumors  of  the  cord  as  well  as  of 
the  t>rain.  Of  one  hundred  cases  thirty  occurred  imder  the  age  of 
fifteen  years,  seventy  above  fifteen  years.  The  oldest  case  recorded 
was  sixty-six  years  of  age.  No  age  is  peculiarly  liable,  but  children 
are  more  liable  to  tulierculous  timiors  than  to  any  other  form.  Glioma 
is  next  in  frequency  in  chihlhood.  Gununa  is  a  disease  of  middle 
life.  Other  forms  are  equally  fmiuent  at  different  ages.  The  sexes 
are  equally  liable. 
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Traumatism  jn-ecetles  the  developnieiit  of  tumors  in  so  many  nases 
as  to  be  justly  regarded  as  a  cau^e.     No  other  cause  is  koowu. 

Symptoms*  The  olinical  a.si>ect  of  intramedullary  and  extraraed- 
ullary  tumors  is  so  similar  that  no  absolute  distinction  can  be  made 
in  nxiy  pru^tieular  cim\  The  important  thing  to  determine  is  that  a 
tumor  is  affecting;  the  cord.  This  is  first  indicated  l>y  pain  of  an 
intense  kind,  neuraljs:ic,  sharp,  shooting,  burning,  and  agonizing,  and 
ix^rsistent  in  one  locality.  It  is  not,  as  a  rule,  increased  by  pressure 
on  the  nerve  or  attended  by  tetuler  sfx>ts.  There  is  no  other  disease 
whieh  eauses  sueh  definitely  localized  recurring  and  persistent  pain 
as  tumor  of  the  spinal  cord,  and  in  any  case  in  whieh  pain  is  con- 
tinued for  over  a  month  in  one  particular  part  of  tlie  body,  there 
being  no  local  disease  to  explain  it  and  no  evidence  of  spinal  caries 
or  carcinoma,  a  tumor  may  be  susi>ected.  Tlie  situation  of  the  pain 
will  depend  on  the  [losition  of  the  tumor,  it  being  felt  in  the  part  of 
the  body  (not  in  the  spine)  related  to  the  segment  or  nerve  root  first 
affected.  Thus  in  a  tumor  of  the  lower  cervical  region  the  pain  was 
felt  for  weeks  in  the  hand  and  forearm;  in  a  tumor  of  the  upper 
cer\ieal  n^gion,  in  the  shoulder  and  neck:  in  a  tumor  of  the  sixth 
dorsal  segment,  in  the  nipple  and  chest:  in  a  tumor  of  the  tenth 
dorsal  segment,  in  the  abdomen  and  groin:  in  a  tumor  of  the  cauda 
equina,  in  t lie  sciatic  nerve.  The  pain  becomes  bilateral  after  it  haa 
persisted  for  a  time;  but  this  may  not  occur  until  sjiinal  symptoms 
develop.  Such  extension  to  the  other  side  is,  however,  a  ver>^  im- 
portant chagnostic  symj)tom.  There  is  rai'ely  any  rigidity  of  the 
spine,  and  bending  tlie  back  does  not  increase  the  pain.  The  painful 
area  is  often  hypera\sthetic.  I  have  known  two  cases  of  spinal  tumor 
whicli  for  some  months  were  erroneously  diagnosed  as  intercostal 
neuralgia,  and  one  case  w^as  supposed  to  be  angina  pectoris. 

The  direct  spinal  synif^toms  are  those  of  compression  and  destruc- 
tion of  the  segments  oi*  which  c»r  in  wliich  the  tumor  lies.  They 
are  atrojihy  and  paral>'sis  of  the  muscles,  with  reaction  of  degenera- 
tion, loss  of  reflex  activity  in  their  tendons,  anaesthesia  in  the  skin, 
which  may  be  attended  l>y  analgesia  and  thermic  ante,stliesia,  al- 
though these  affections  of  sensation  may  occur  inde|)(^ndently  anfl 
mthout  loss  of  touch;  and  herpes  zoster  and  tropluc  changes  in  the 
domain  of  the  affected  nerve.  The  existence  of  dissociated  anaes- 
thesia is  not  always  due  to  intrasjiinal  tumors,  as  it  has  been  found  in 
cases  of  extradural  tumor,  but  in  such  cases  it  is  usually  t^emporary. 

The  indirect  spinal  sym|>toms  are  those  of  spastic  i^araplegia  of  the 
legs,  due  to  pressure  upon  the  long  tracts  traversing  the  segment 
affected.  They  are  rigidity  anil  winikness  with  exaggerated  reflexes 
in  the  legs,  an  imperfect  control  of  bladder  and  rectum^  antesthesia 
up  to  the  level  of  the  lesion,  and  a  tendency  to  the  development  of 
bedsores.  They  do  not  ijccur  in  tinnors  of  the  lumbar  region,  as 
timiors  there  cause  atrophic  flaccid  paralysis  of  the  lower  extremities. 

Timiors  of  the  cauda  equina  cause  great  pain  in  the  sacral  region  as 
well  i\B  in  all  the  nerves  of  the  legs ;  hence  the  pain  is  more  widespread 
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in  these  tumors  than  in  tumors  of  tlie  cord.  The  parahT5is  which 
follows  is  an  atrophic  one  and  is  attended  by  reaction  of  de^eiiera- 
tiou.  It  may  be  hmited  to  some  one  of  the  lumbar  or  sacral  nerves 
and  is  rarely  bihiteral  and  symmetricaL  Paralysis  of  the  bladder 
and  rectum  are  early  symptoms.  The  facts  presented  in  the  chapters 
upon  the  diagnosis  of  local  lesions  and  myehtis  and  injuries  of  the 
cord  may  be  referred  to,  as  they  explain  more  fully  these  various 
ejaiiptoms. 

It  is  to  be  remembered,  howexT-r^  that  in  no  other  form  of  disease 
of  the  cord  do  the  sraiptoms  of  traasvei-se  myelitis  of  gradual  onset 
coincide  ^^ith  the  symptom  of  pei*sistent  pain.  When  the  symptoms 
are  fully  developed  it  is  possible  in  some  cases  to  ehcit  tenderness 
on  pressure  upon  the  spine  over  the  tumor,  and  the  patient  is  often 
extremely  sensitive  also  to  heat  or  to  electricity  in  the  region  of  the 
tumor.  Occasionally  the  syni|>toms  of  Brown-Stiquard  paralysis 
appear,  as  in  a  case  of  gumma  under  my  care  which  was  gradually 
absorbed  by  treatment. 

Course*  The  course  is  progressive.  The  duration  varies  somewhat 
according  to  the  nature  of  the  tumor.  It  is  on  an  average  about 
sixteen  montks  from  onset  of  symiitoms  to  death.  Death  occurs 
from  complicating  tK?d~sores  or  cTOtitis, 

Diagnosis.  The  diagnosis  of  a  spinal  tumor  presents  no  difBcidty, 
and  should  be  made  very  early;  in  fact,  as  soon  as  spinal  symptouLs 
are  associated  with  intense  |jen^i.stent  pain  in  one  locahty.  The  first 
qoestion  which  arises  is  whether  the  tumor  is  single  or  multiple. 
Tins  can  be  determined  by  the  location  of  the  severe  pain,  for  it  will 
appear  in  several  regions  if  there  are  several  tumors,  and  by  the 
development  of  mixed  types  of  i>aralysLs;  atro|)hic  rather  than  spastic 
j^aralysis  Wing  the  type  produced  Ijy  each  tumor  in  the  muscle© 
related  to  the  segment  involved. 

The  second  question  is  whether  the  tumor  is  intraspinal  or  extra* 
spinal.  This  is  to  he  considered  in  part  in  connection  mth  the  third 
question,  viz.,  what  is  the  nature  of  the  tumor^  For  if  the  condition 
of  the  patient,  his  pre\ious  history,  and  his  present  state  point  to 
tuberculosis  the  chance  is  in  fiixnr  of  the  tiunor  being  intraspinal. 
If  it  points  to  gumma  the  chance  is  in  favor  of  its  being  either;  if  it 
j)oints  to  carcinoma  or  sarcoma  from  an  affection  of  other  organs  it 
maj^  be  eitlier;  if  it  is  very  rapiil  in  its  jirogress  it  may  be  glioma  and 
intraspinal,  or  sarcoma,  ami  cither  intraspinal  or  extraspinah  If  the 
growth  is  very  slow  in  its  progress  it  is  most  likely  to  be  a  fibroma^ 
a  psammoma,  or  a  lifKuna,  and  in  any  of  these  cases  extraspinaL 
All  malignant  tumors  are  more  rajiid  in  the  dexelopment  of  all  symp- 
toms than  are  benign  tumors  and  are  attended  by  general  cachexia 
and  constitutional  disturbance,  which  are  absent  in  benign  tumors. 
The  fact  of  the  previous  occurrence  of  a  tumor  elsewhere  and  of  an 
operation  for  it,  which  liad  been  overlooked  by  the  patient  as  having 
no  bearing  upon  the  case»  has  several  times  been  elicited  by  me  and 
thrown  Ught  upon  the  nature  of  the  tumor  and  its  secondary  occur- 
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rence  in  the  spinal  cord.  I  have  seen  three  sarcomata  in  which  this 
history  was  elicited.  It  is  evident,  then,  that  the  nature  and  the 
location  of  the  tumor,  whether  extra^spinal  or  intraspinal,  is  always 
uncertain. 

The  differentiation  tetween  a  tumor  and  caries  of  the  spine  may 
be  difficult  in  the  early  t?tage  of  the  latter  di^sease:  but,  as  a  rule, 
stiffness  of  the  s])ine,  great  toudernes^s  over  the  spinouj^  process  on 
pressure,  a  marked  inereaj^e  of  pain  on  motion  or  in  walking,  and 
general  constitutional  evidences  of  tut>ereulous  disease,  sw^ollen 
glands,  febrile  movement,  etc.,  are  present  in  caries  and  not  in 
tnmor.  The  appearance  of  kj^hosis  decides  the  question.  Pepton- 
uria is  present  in  eases  of  tubereulous  abscess. 

The  differentiation  from  carcinoma  of  the  vertebra  is  more  difficult ; 
in  fact  in  many  cases  it  is  impossible  until  tlie  ilisease  of  tlie  vertebra 
is  palpable  and  deformity  is  evident,  though  the  previous  history  of 
the  patient  and  the  ra[iidly  advancing  cachexia  may  point  to  that 
disease.  I  cainiot  agitM*  with  the  statement  of  CSowers  that  the  pain 
in  carcinoma  is  greater  than  in  spinal  tumor,  but  in  eareinoma  it  is 
more  conmionly  felt  in  the  spine  itself  as  well  as  in  the  nerve  distri- 
bution. Herpes  zoster  is  rarely  seen  except  in  tumor.  The  exami- 
nation of  the  blooil  gives  little  information,  as  leucocytosis  may  be 
presc*nt  in  l»oth  conditions.  But  examination  by  Roentgen  rays  may 
be  of  much  service. 

Treatment*  In  the  early  stage  of  pain  analgesics  of  all  kinds  are 
to  be  used,  but  morphine  will  eventually  have  to  be  resorted  to,  as 
the  new  analgesics  rarely  quiet  the  pain  sufficiently.  Rest  in  bed 
cannot  always  be  enforced,  as  patients  may  find  that  an  upright 
position  gives  relief  to  the  pain.  Thus  in  one  of  my  patients,  who 
was  found  to  have  fibroma  of  the  dorsal  region  on  the  posterior 
surface  of  the  cord,  a  sitting  posture  leaning  forw\^rd  over  the  back 
of  another  chair  was  the  only  one  in  which  tlie  pain  was  relieved. 
In  the  majority  of  cases  a  series  of  inunctions  of  mercury  combined 
w^itb  the  administration  of  large  doses  of  iodide  of  potassium  has 
been  tried.  In  cases  of  gumma  this  is  curative,  as  1  have  seen  in 
three  cases,  but  it  is  to  be  rememl>ered  that  gumma  is  rare  (twenty- 
eight  in  four  liundred  cases  of  SchlesingerJ,  and  unless  there  is  a 
previous  history  of  syphilis  no  imiirovement  should  be  looked  for. 
In  two  of  my  cases  precious  time  has  been  lost  by  such  treatment. 

An  operation  is  to  be  atteni}>ted  as  early  as  possible  after  the 
diagnosis  is  reached.  It  should  be  undertaken  with  tlie  understand- 
ing that  it  is  exploratory,  but  it  should  be  urged  as  affording  the  only 
hope.  It  is  a  l^kRuly  operation  and  one  which  takes  much  time  and 
no  small  amount  of  skill;  but  it  is  not  a  dangerous  operation  if  done 
aseptiealiy,  as  shctck  is  less  frequent  than  in  cerebral  operations. 
The  higher  the  tumor  in  the  cord  the  greater  the  danger  of  cessation 
of  respiration  during  the  ojjeration.  This  hnB  occurred  in  two  of  ray 
operations  for  cervical  tumors,  and  caused  much  trouble, but  did  not 
prevent  completion  of  the  operation.    The  most  important  prelimi- 
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nai-y  to  the  operation  is  the  determination  of  tlie  exact  level  of  the 
tumor  in  the  spine.  It  may  be  clear  to  the  examiner  that  the  tumor 
affects  a  certain  segment  of  the  spinal  cf>rd  *>r  rather  that  the  S3''n)p- 
toms  indicate  tlie  npper  level  of  the  lesion.  The  level  of  the  pain 
and  of  the  ana\sthesia  fire  the  most  reliable  indications.  But  it  is  to 
be  rememl>ered  that  the  symptoiiLS  will  be  the  same  from  a  lesion  of 
a  segment  or  a  lesion  of  its  nerve  roots  at  a  point  somewhat  lower 
down  within  the  spinal  canal.  Thus  a  tumor  pressing  on  the  roots 
of  the  sixth  dorsal  nerve  opposite  the  eighth  dorsal  segment,  where 
they  issue  from  the  cord,  will  give  the  same  symptoms  as  a  tumor 
in  the  sixth  dorsal  segment  an  inch  higher.  It  is  aiso  to  be  remem- 
bered that  the  relative  jjosition  of  the  segments  and  the  vertebra 
vary,  as  already  stated,  jjage  369.  Hence  in  any  operation  after  the 
ftiagnosis  of  the  level  of  the  segment  afTi^eted  is  reaehe<l  and  the  prob- 
able relation  of  that  segment  to  the  spinous  processes  is  determined 
it  is  well  to  make  the  initial  incision  a  long  one  and  to  expose  at 
least  tluee  vertebne,  removing  their  spines  before  exposing  the  cord. 
In  one  case  of  my  own  a  congenital  maldinTlopment  of  one  spinous 
process  led  to  the  count  of  the  dorsal  vertebric  being  erroneous,  and 
the  cord  wiis  therefore  exposed  one  inch  lower  than  was  intended. 
In  the  majority  of  patients  heretofore  operated  uj)on  the  tumor  has 
been  found  somewhat  higher  than  was  expected.  It  is  safe  to  say 
that  in  the  dorsal  region  it  is  four  inches  higher  than  the  level  of  the 
ana'stliesia  on  the  back.  When  the  dura  is  exposed  over  a  region  at 
least  two  inches  long,  if  palpation  does  not  reveal  the  tumor,  it  is 
well  to  lay  bare  another  inch  before  opening  it^  and  it  is  lx?tter  to  go 
higher  than  lower.  The  dura  shtmld  pulsate,  but  tlocs  not  do  so 
near  a  tumor,  esjiecially  t>elow  it.  I  have  seen  the  contrast  bf^tween 
pulsation  aliove  antl  no  pulsation  below  a  tumor  when  the  dm-a  w^as 
exposed.  In  all  cases^  even  in  those  in  whicli  an  extradural  tumor 
is  found,  it  is  well  to  oi}en  the  dura.  In  some  eases  a  second  tumor 
lies  i^dthin.  There  is  usually  much  re<lema  of  the  arachnoid  about 
a  tumor.  This  subsides  on  incision.  When  the  tumor  is  found  it 
can  sometimes  be  easily  Ufted  off  the  cord.  In  other  cases  it  must 
be  dissected  away.  In  some  casps  it  miLst  be  shelled  out  of  tlie  cord 
or  even  cut  out  if  it  is  diffuse.  Divisi<m  of  tiie  cord  should  always 
be  in  a  longitudinal  direction,  and  it  is  better  to  cut  wedge-sha{>ed 
pieces  out  of  the  tumor  than  to  tear  it  out.  Intraspinal  tumors 
usually  recur.  In  regard  to  the  technique  of  the  operation,  the 
measures  of  asepsis,  the  control  of  hemt>rrhage  by  com])resses,  the 
careful  division  of  diua  and  ina,  and  ligation  of  bleeding  spinal 
vessels,  the  proper  means  of  stitching  the  dura  and  closing  the  wound, 
reference  must  tie  made  to  surgical  text-liooks.  It  is  an  imj>ortant 
thing  to  keej)  the  patient  in  the  prone  jjosition  or  on  the  side  as  long 
as  possible  after  the  operation  to  prevent  undue  drainage  of  spinal 
fluid.  The  loss  of  spinal  fluid  after  an  operation  may  l>e  considerable 
without  any  permanent  ill  effect. 
I  ha%^e  been  able  to  collect  records  of  fifty-eight  cases  of  tumor  of 
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the  spinal  cord  in  wliicii  an  operaiian  has  lieen  atteniptech  In  all 
of  these  cases  the  tumor  was  found,  although  in  several  of  them  it 
lay  at  a  level  sninewhat  higher  than  that  at  which  it  had  been  orig- 
inally located,  and  in  all  hut  three  of  these  ciises  it  was  possible  to 
remove  the  tumor.  Sixteen  of  these  cases  were  successful,  as  the 
patients  recovered  not  only  from  the  cjperatiou  but  were  very  much 
improved  some  months  afterward  when  the  cases  were  reported. 
In  ten  of  these  cases  operation  was  partially  successful,  the  patients 
recovering  from  the  oijeration  but  not  being  materially  improved  by 
the  removal  of  the  tumor.  In  all  of  these  cases  degenerations  had 
occurred  in  the  spinal  cord.  These  renuiined  after  the  tumor  was 
taken  away.  Had  the  operation  lieen  ]  jerfor  ined  at  an  earlier  date  in 
the  course  of  the  disease  there  is  no  doubt  that  lliese  cases,  too,  would 
have  been  successful.  In  the  remainder  of  the  cases  the  operation 
failetl  to  relieve,  and  the  i>atients  died.  In  several  of  these  cases  the 
death  was  due  ttj  shock,  the  operation  being  greatly  prolonged  and 
hemorrhage  l>eing  excessive.  With  j)resent  methods  of  technique 
this  appears  to  be  avoidable.  The  chief  danger  in  tlie  operation  lies 
in  the  hemorrhage  from  laige  veins  in  the  muscles  and  about  the 
bone.  Such  hemorrhages  cannot  be  arrested  by  tying  the  vessels, 
and  mast  1h*  treated  t)y  pressure.  If,  therefore,  in  the  course  of  the 
operation  as  tissues  are  divided,  inids  heM  in  place  by  retractors  are 
pressed  intfj  the  wound,  such  liemorrhage  may  be  to  some  extent 
avoided.  Another  cause  of  death  has  been  meningitis  of  a  septic 
nature,  and  this,  too,  may  Ije  avoided  by  care  in  the  preservation  of 
perfect  asejisis. 

The  terminal  result  of  an  operation  will  dejiend  wholly  on  the 
degree  to  which  the  cord  has  been  comjjressed  or  destroyed.  If 
degeneration  has  set  in  no  permanent  recovery  can  be  expected;  but 
if  the  operation  is  done  in  an  early  stage  a  great  degree  of  benefit  is 
obtained  and  a  slight  dc^gree  of  silastic  j)araj)legia  only  may  remain. 
In  any  case  a  successful  operation  saves  life  an*!  arrests  the  progress 
of  the  disease,  even  if  the  patient  remains  a  paralytic.  In  the  ma- 
jority of  the  successful  and  unsuccessful  operatioriB  hitherto  reported 
the  result  would  have  been  better  had  tlie  operation  been  done 
sooner,  A  ijrti!n|»t  surgical  interfen*nce  as  soon  as  the  diagnosis  iB 
made  cannot  be  too  strongly  luged.  In  case  the  tumor  cannot  be 
removed  a  ili\dsi(m  of  the  posterior  nerve  roots  is  to  be  made  above 
and  at  the  level  of  the  tumor  for  the  relief  of  the  pain. 

Carcinoma  of  the  spinal  cord  is  inoijerable.  In  sarcoma  the  chances 
are  about  even  tluit  the  tumor  can  Iw  removed.  Tubercles  can  some- 
times be  taken  away,  even  from  the  anterior  surface  f)f  the  cord,  as 
in  a  patient  operated  on  for  me  by  McBurney;  but  the  danger  of  a 
general  tuberculous  affection  of  the  meninges  subsequent  to  the  oper- 
tion,  which  occurred  in  this  case,  or  of  a  recurrence,  or  of  develop- 
ment of  tubercles  elsewhere,  is  to  lie  remembered.  Fit>roma|  psam- 
moma,  lipoma,  myxoma,  osteoma,  and  cysts  are  easily  removed,  and 
do  not  leave  any  damage  to  the  cord  if  taken  away  early. 
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The  treatment  of  complicating  cystitis  and  bed-sores  is  described 
in  the  chapter  on  myelitiB. 


V.    AKIURISM  OF  THE  AOETA. 

An  uneurLsni  of  tlie  aorta  may  erode  the  vertebra?  and  produce  a 
gradually  increa.sing  pressure  upon  the  spinal  cord.  In  some  cases 
the  physical  sigiLs  of  such  an  aneurism  are  present,  and  there  is  no 
difficulty  in  tlie  diagaosis.  In  other  cases,  however,  as  in  one  of  my 
patientSp  the  aneurism  lying  deep  in  the  mediastinum  upon  the  dia- 
phragm cannot  be  detected  until  the  pressure  symptoms  appear. 
These  resemble  the  syoiptoms  of  spinal  tumor,  the  compression  of 
the  nerves  and  of  the  cord  jiroducing  similar  pain  and  paraplegia. 
There  is  sometimes,  however,  a  difficulty  of  movement,  especially  of 
rotation  of  the  spinal  column,  which  does  not  occur  in  spiual  tumors, 
and  the  s>anptonLs  may  suggest  carcinoma  of  the  spine  or  caries  of 
the  spine  rather  than  tunajr,  although  no  deformity  appears  until 
the  body  of  the  MTtebra  is  eroded.  The  a]>i)eiiranee  of  kyphosis  in 
such  a  case  is  not  accompanied  by  any  thickening  of  the  tissues  about 
the  spinous  process  of  the  vertebra  or  about  its  laniinie,  and  there  is 
less  tenderness  of  the  s]>ine  than  in  these  diseases.  In  anj^  case, 
however,  in  which  symptoms  of  compression  myelitis  appear  the 
possibiUty  of  an  aneurism  is  to  be  considered  and  its  physical  signs 
looked  for. 

VI,    PAOHYMENINOITIS  CERVIOALIS  HYPERTROFHIOA. 

Pathology.  This  disease,  first  deseril>ed  by  Charcot,  presents  all 
the  symptoms  of  a  compressif>n  myelitis  of  the  cervical  region  of  the 
spinal  eord  of  rather  rapid  progress.  The  lesion  consists  of  a  fibrous 
thickening  of  the  dura  mater  with  consequent  compression  of  the 
cord  and  esjiecially  of  the  nerve  roots  in  their  passage  through  the 
dura.  Am  a  result  of  this  thickening  of  the  meninges  there  Ls  usually 
a  secondary  annular  myelitis  in  the  (>eripliery  of  the  cord  at  the 
point  of  implication;  hence  the  affection  is  really  a  meningo- 
myehtis  of  the  cervical  enlargemefit.  In  chronic  fibrous  pachy- 
meningitis liemorrhages  within  tlie  dura  or  in  the  newly-formed 
layers  of  tissue  upon  its  inner  surface,  such  as  occur  in  pachy- 
meningitis of  the  brain,  are  not  uncommon.  The  thickened  dura 
not  uncommonly  becomes  adherent  to  the  pia,  layers  uf  connective 
tissue  uniting  both,  and  attendant  upon  these  changes  there  is 
usually  thickening  of  the  bloodvessels.  The  pressure  of  the  newly- 
formed  tissue  is  exerted  chiefly  upon  the  nerve  roots  as  they  pass 
tlu'ough  the  dura,  and  these  are  found  embedded  in  the  fibrous  mass. 

If  tlic  process  iiovs  not  cease  with  the  mere  thickening  of  the  dura, 
connective  tissue  is  firoduced  along  the  lines  of  the  bloodvessels  into 
the  cord.  The  result,  of  the  compression  of  the  spinal  cord  and  of 
its  vessels  is  a  degeneration  of  its  tissue.    There  is  also  frequently  a 
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formation  of  gliomatous  masses  and  the  oeeurrenre  of  secondary 
*  lege nerat  ions.  In  the  majority  of  the  cases  the  ihsease  Is  of  sypliil- 
itio  origin,  (^hanges  j^imiL^r  to  those  described  in  eompressioa 
myelitiiR  follow. 

Symptoms.  The  symptoms  of  this  disease  are  identical  with  the 
symptoms  of  chronic  myelitis  of  the  cervical  region  of  the  cord. 
They  differ  somewhat  in  their  flistributioii,  according  as  the  uj>per 
half  or  lower  half  nf  the  cervical  enlargement  h  first  involved,  and 
they  have  been  di\iiietl  by  Charcot  into  several  stages:  first,  the 
stage  of  pain;  second,  the  stage  of  paralysit*  with  contractures;  and 
tliird.the  stage  of  spiistie  paraplegia  secoiulary  to  the  eumpression. 

The  pain  in  tlie  affection  is  felt  in  the  back  of  the  neck,  possibly  in 
the  liack  of  the  heafl.  and  is  attendeil  by  great  stiffness  of  tlie  neek 
with  a  tendency  to  l)ending  forward  of  the  head  and  difficulty  on 
any  lateral  motion.  Pain  is  also  felt  in  the  distribution  of  the  nerve 
roots  of  the  lower  or  ui>per  half  of  the  cervical  enlargement,  namely, 
in  the  hands  or  in  the  arms.  Such  paias  are  of  an  intense  neuralgic 
character,  as  in  any  condition  of  compression  myelitis,  and  are 
attended  by  auEPsthesia  and  paresthesia  and  sonietimes  by  nniscular 
spasms  or  tremor.  After  a  period  of  two  to  five  iiionths  symjitoms 
of  paralysis  ajifjear  in  the  muscles,  witli  atrophy  and  reaction  of 
degeneration.  Tliese  may  be  limited  to  the  ulnar  and  median  dis- 
tribution if  the  lower  half  of  the  cervical  enhxrgement  is  invaded, 
or  to  the  museul(jsi)iral  distribtition  if  the  npper  half  is  involved. 
Ohareot  tlescribes  certain  deformities  of  the  haml  and  wrist  due  to 
paralysis  imoin  en  //ri^t^),  but  these  are  in  no  way  characteristic  (if 
the  disease,  inasmuch  as  they  may  be  present  in  any  affection  pro- 
ducing paralysis  of  either  the  extensor  or  flexor  nmscles  upon  the 
arms  and  forearms,  with  ccmsequent  contracture  of  their  opponents. 
Thus  tlrop-wrist  or  chiw-hant!  may  be  sym|>toms  appearing  in  this 
disease.  If  tlie  lower  |>art  of  the  cervical  enlargement  is  affected 
there  may  be  paralysis  of  the  synipathetii'  nerve.  If  the  affection 
does  not  come  to  a  standstilb  and  the  pressure  affects  the  spina! 
conl  to  a  degree  sufficient  to  cause*  a  degeneration  of  the  tracts  |>ass- 
ing  through  it,  a  spastic  paraj>legia  gradually  develops,  ctmstitnting 
the  third  stage  of  the  affection.  Such  a  coiulition  may  l)e  of  long 
iluration  and  slow^  progress,  patients  having  been  observed  in  wliom 
it  lasted  twenty  years. 

I  have  seen  several  patients  in  whom  it  seeme^l  prrJiable  from 
the  s%  mptoms  an*I  course  that  a  liypertrophic  pacliymeiiingitis  *:if  the 
lum!>ar  region  was  present.  I  have  no  pathological  proof  to  offer, 
but  I  am  convinced  that  it  will  lie  fouiitl.  The  s\nnptonis  resemble 
in  character  those  described  as  occurring  in  ])achymeningitis  of  the 
cervical  region,  l>ut  are  manifested  in  the  lower  extremities,  pain, 
rigidity,  and  paralysis  with  talipes  developing  slowly  and  being  of 
long  duration. 

Prognosis.  The  prognosis  is  fairly  good  if  the  disease  is  diag- 
nosticated in  its  early  stage. 
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Treatment.  The  frequent  application  of  the  actual  cautery  to 
the  back  of  the  neck,  with  the  use  of  inunctions  of  mercury  and  large 
doses  of  iodide  of  potash,  is  not  infrequently  followed  by  a  cure. 
This  will  always  awaken  the  suspicion  that  the  lesion  is  syphilitic 
in  origin,  though  such  suspicion  may  not  be  confirmed  by  patho- 
logical observation.  Applications  of  tincture  of  iodine  to  the  neck 
and  back  sometimes  give  relief.  Antineuralgic  remedies  will  be 
required,  and  for  the  treatment  of  the  paralysis  such  measures  as 
are  described  for  the  treatment  of  lesions  of  the  brachial  plexus 
and  of  spastic  paraplegia  may  be  employed. 

The  impossibility  of  stripping  ofif  the  thickened  membrane  from 
the  cord  without  producing  laceration  of  the  cord  and  excessive 
hemorrhage  renders  surgical  treatment  impossible. 


CHAPTER    XXIL 

LANDRY\S  PARALYSIS.      ACUTE  rROGRESSIVE 
PARALYSIS. 


This  disease,  first  described  by  Landry  in  1859,  is  an  acute  ascend- 
ing paralysis  attended  in  many  ca^s  by  febrile  symptoms  and  con- 
stitutional disturbances  that,  in  the  light  of  our  present  knowledge, 
indicate  an  acute  infect  if  ju.  It  begins  in  the  form  of  {mralysis  of  the 
lower  limbs  and  asicends  rapidly  to  the  body,  to  the  arms,  and  to 
the  respiratory  muscles,  caiLsing  death  within  a  few  days,  either 
from  respiratory  paralysis »  from  tUsturbance  of  the  power  of  swal- 
lowing, or  from  heart  failure.  It  is  very  rare  for  the  disease  to  come 
to  a  sudden  standstill  and  for  recovery  to  ensue. 

Ever  since  the  original  description  of  Lanilry  observers  all  over 
the  work!  liave  occasionally  seen  cases  corresponding  pretty  closely 
to  the  description  given  by  Landry,  exeejjting  that  in  some  eases 
sensory  symptoms  of  the  nature  of  a  rapidly  advancing  ana^thesia 
have  been  present  associated  witli  tlie  jjaralysis.  More  careful 
observation  of  temperature  than  was  customary  in  Landry  s  time 
has  demonstrated  the  fact  that  in  the  large  majority  of  cases  a  febrile 
movement  accompanies  the  disease.  Such  febrile  movement  was 
present  in  a  case  under  my  own  ol^servation.  In  this  ease  the  general 
appearance  of  the  patient,  the  enlargement  of  liver  and  s[Vleen,  a 
condition  of  jaundice,  vomiting,  diarrhcra,  and  acute  nephritis  all 
suggested  strongly  a  contUtion  of  infection.  The  paralysis  became 
complete  in  the  course  of  a  week,  when  the  patient  died, 

Westphal  descrilieil  a  ease  quite  similar  in  its  rapid  course  to  that 
of  Landry's  original  case,  but  in  it  the  disease  was  a  descending 
rather  than  an  aseentiing  one  in  its  progress.  Hence  the  ascending 
character  of  the  affection  as  described  by  Landry  must  not  be  con- 
sidered essential  to  the  diagnosis.  In  a  few  cases  the  escape  of  the 
bladder  and  rectum  has  not  been  enmijk'te,  and  incontinence  of  urine 
and  feces  has  occurred  In  a  few  causes,  where  tiie  disease  has  tasted 
beyond  a  week,  reaction  of  tlegeneration  has  developed  in  the  mus- 
cles; hetice  the  various  diagnostic  signs  of  the  disease  as  laid  down 
by  Landry  have  gradually  been  eliminated,  and  we  have  to  speak  of 
Landry  s  paralysis  as  inelutled  under  acute  progressive  total  paralysis. 

In  the  majority  of  the  cases  recently  recf»rded  the  distinctly 
infections  af^pearance  of  the  patient,  as  already  mentioned  in  my 
case,  has  been  }>rominently  noticed,  and  it  seems  at  prt^sent  to  be  the 
general  consensus  of  opiiiion  that  in  Landry  s  piu-alysis  we  have  an 
acute  infectious  disease  which  produces  rapidly  advancing  paralysis. 
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Treatment.  The  frequent  application  of  the  actual  cautery  to 
the  back  of  the  neck,  with  the  use  of  inunctions  of  mercury  and  large 
doses  of  iodide  of  potash,  is  not  infrequently  followed  by  a  cure. 
This  will  always  awaken  the  suspicion  that  the  lesion  is  syphilitic 
in  origin,  though  such  suspicion  may  not  be  confirmed  by  patho- 
logical observation.  Applications  of  tincture  of  iodine  to  the  neck 
and  back  sometimes  give  relief.  Antineuralgic  remedies  will  be 
required,  and  for  the  treatment  of  the  paralysis  such  measures  as 
are  described  for  the  treatment  of  lesions  of  the  brachial  plexus 
and  of  spastic  paraplegia  may  be  employed. 

The  impossibility  of  stripping  off  the  thickened  membrane  from 
the  cord  without  producing  laceration  of  the  cord  and  excessive 
hemorrhage  renders  surgical  treatment  impossible. 


CHAPTER    XXII. 

LANDHY'S  PARALYSIS.     ACUTE  PROGRESSIVE 
P.\RiVLYSIS. 


This  disease,  fii'st  described  by  Landry  in  LS59,  is  an  acute  ascend- 
ing paralyi^ig  attended  in  many  causes  by  febrile  symptoms  and  con- 
stitvitional  distiu^banees  that,  in  the  light  of  our  present  knowledge, 
indicate  an  acute  infection.  It  begins  in  the  form  of  paralysis  of  the 
lower  limbs  and  ascends  rapidly  to  the  body,  to  the  arms,  and  to 
the  respirator}'  muscles,  causing  death  wdthin  a  few  days,  either 
from  respiratory  paralysis,  from  disturbance  of  the  power  of  sw^al- 
lo'^ing,  or  froai  heart  failure.  It  is  very  rare  for  the  disease  to  come 
to  a  sudden  standstill  and  for  recovery  to  ensue. 

Ever  since  the  original  description  of  Landry  observers  all  over 
the  wxjrld  have  occasionally  seen  cases  corresponding  pretty  closely 
to  the  description  given  by  Landrj%  excepting  that  in  some  eases 
sensory  symptoms  of  the  natvu-e  of  a  rapidly  advancing  anaesthesia 
have  been  present  associated  with  the  paralysis.  More  careful 
observ^ation  of  temix'rature  than  was  customary  in  Landry's  time 
has  demonstrated  the  fact  that  in  the  large  majority  of  cases  a  febrile 
movement  accompaines  the  disease.  Such  febrile  movement  was 
present  in  a  case  under  my  own  observation.  In  this  case  the  general 
appearance  of  the  patient,  the  enlargement  of  liver  and  spleen,  a 
condition  of  jaundice,  vomiting,  diarrha*a,  and  acute  nephritis  all 
suggested  strongly  a  condition  of  infection.  The  |)aralysis  became 
complete  in  the  course  of  a  week,  when  the  patient  died. 

Wt^stphal  described  a  case  cfuite  similar  in  its  rapid  course  to  that 
of  Landry's  original  case»  but  in  it  the  disease  was  a  descending 
rather  than  an  ascending  one  in  its  iirogress.  Hence  the  ascenchng 
character  of  the  affection  as  described  by  Landr}^  must  not  be  con- 
sideretl  essential  to  the  diagnosis.  In  a  few  cases  the  escape  of  the 
bladiler  and  rectum  has  not  l>een  complete,  and  incontinence  of  urine 
and  feces  has  occmTed.  In  a  few  cases,  wheie  the  disease  has  lasted 
beyond  a  week,  reaction  of  degeneration  has  developetl  in  the  mus- 
cles: hence  the  various  diagnostic  signs  of  the  disease  as  laid  dowTi 
by  Landry  have  grailually  l>een  eliminated,  and  we  have  to  speak  of 
Landry's  i>aralysis  as  included  under  acute  jjrfigressive  total  paralysis. 

In  tlie  majority  of  the  cases  recently  recorded  the  distinctly 
infectious  appearance  of  the  patient,  a-s  already  mentioned  in  my 
case,  has  been  prominently  noticed,  and  it  seems  at  present  to  be  the 
general  consensus  of  opinion  that  in  Lan<lry's  paralysis  we  have  an 
acute  infectious  disease  which  produces  rapidly  advancing  paralysis. 
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Pathology.  The  lei^ixjrLS  found  in  vurious  ea^es  of  Lantiry's 
paralysis  have  differed  \\^dely.  The  early  observers  found  no  lesions, 
but  their  methods  of  oliservation  were  very  imperfect,  and  hence 
their  conclusions  cannot  be  accepted,  especially  as  hiter  investigators 
have  almost  uniformly  found  some  changes  in  the  nervous  system. 
Many  pathologist's  have  founil  changes  in  the  spinal  cord  consisting 
practically  of  a  \^idely  disseminated  acute  myelitis,  with  vascular 
and  perivascular  inHammat*>ry  conditions,  with  acute  degenerative 
processes^  and  with  all  the  characteristic  appearances  seen  in  cases 
of  very  acute  myelitis.  Other  equally  reliable  observers  have  con- 
siderenl  Landry's  paralysis  a  multi|>le  neuritis  and  have  described 
numerous  clianges  in  all  of  the  i^'ripheral  nerves  and  in  the  nerve 
roots. ^  In  these  cases  no  changers  in  the  sjunal  cord  have  been  found. 
Unfortunatel3%  as  yet  bacterial  eKamination  of  thLs  disease  has  failed 
to  reveal  the  existence  of  any  sj>ecial  germ,  though  in  recent  cases 
various  micro-ijrganisms  have  been  discovered :  ty|>hoid  bacilli,  pneu- 
mococcus,  staphylococcus,  diplococcus,  etc.  The  probable  theory, 
howp^er,  is  that  it  is  a  disease  of  acute  infectious  origin,  the  germ  or 
toxiu  of  which  affects  the  entire  nervous  system  both  in  its  periphery 
and  in  it*s  central  organs.  In  some  cases  the  lesion  is  found  in  the 
nerves;  in  others  in  tlie  neurone  boilies  in  the  spinal  cord;  in  others^ 
still,  in  the  |ions  and  cen^bral  axis,  the  s|>ecific  action  being  greater 
on  the  motor  than  on  the  sensory  portion  of  tlie  ner\^ous  system. 
The  cortical  neurones  escape.  This  hypothesis  would  give  an  expla- 
nation for  the  rare  cases  of  acute  bulbar  palsy  or  acute  ophllmlmo- 
plegia  followed  by  descending  |>aralysis,  the  majority  of  which  go  on 
to  a  fatal  termination  in  a  very  short  space  of  time.  The  causation 
of  the  disease  is  more  likely  to  l>e  a  specific  infection,  inasiTmch  as 
autopsies  in  later  cases  have  demonstrated  chang(»s  in  the  viscera, 
the  liver,  tht*  s]>!e<m,  tiie  kidneys,  and  the  lymph  glands  such  as  are 
commonly  found  in  other  acute  infectious  diseases.*  Its  causation 
also  finds  a  certain  amount  of  support  in  the  fact  that  a  number 
of  cases  of  Landry^s  paralysis  have  developed  in  tlie  course  of  or 
sulxsequently  to  other  acute  infectious  diseiises. 

Symptoms.  The  disea-se  begins  sud<!enly  and  affects,  first,  the 
muscles  of  the  lower  extremities,  producing  a  rapidly  increiusing  flac- 
cid paralysis  with  total  disability  to  move  the  muscles  voluntarily. 
There  is  no  tremor,  no  contracture,  no  spasm  or  cramp  in  the  muscles, 
and  percussion  of  the  mitscles  floes  not  prorluce  any  muscular  con- 
traction. There  is  a  loss  of  tendon  reHexes.  The  electrical  reactions 
are  not  changed,  but  this  is  probalily  Ix'cause  the  duratitm  of  the 
paralysis  is  not  sufficiently  long  to  warrant  the  ap|K^arance  of  a 
reaction  of  degeneration.  There  may  be  numbness  in  the  legs,  liut 
there  is  rarely  pain.  Tlie  paralysis  advances  rapidly  from  the  legs 
to  the  thighs,  then  to  the  nnisdes  of  the  trunk,  so  that  the  patient 

1  Bailey  and  Ewiripf.     N^^w  York  MetiifHl  Journal,  July  4,  1S96. 

*   T.  IHUer    Journal  of  Nervous  and  Mental  Ili<i«ai«e«  Octuber,  1902. 
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can  no  longer  retract  the  abdomen  or  sit  up  in  bed;  it  then  advances 
to  the  muscles  of  the  back  and  of  the  thorax  and  of  the  arms,  until 
finally  all  the  muscular  system  up  to  the  neck  is  paralyzed.  It  then 
advances  to  the  muscles  of  deglutition  and  of  speech  and  to  the  face, 
so  that  an  absolutely  total  paralysis  of  the  entire  muscular  system 
of  the  body,  including  that  of  the  eyes,  may  occur  before  death. 
When  the  arms  are  affected  the  paralysis  begins  in  the  fingers  and 
creeps  up  the  arm  as  it  did  up  the  leg,  and  here,  too,  there  is  no 
tendency  to  contracture  or  deformity.  The  limbs  are  wholly  given 
over  to  the  action  of  gravitation,  muscular  tone  being  abolished. 
The  bladder  and  rectum  usually  remain  in  a  normal  condition,  though 
in  a  few  cases  they  have  been  paralyzed.  Sensory  disturbances  in 
some  cases  do  not  appear  at  all.  In  other  cases  the  general  sense  of 
muscular  fatigue  and  very  intense  feelings  of  numbness  and  fonni- 
cation  may  be  felt,  but  examination  usually  fails  to  reveal  any 
marked  anaesthesia.  The  patient's  consciousness  remains  clear  to 
the  very  end  in  the  majority  of  cases.  According  to  Landry's  ac- 
count of  the  disease,  it  may  run  its  course  in  some  cases  within  three 
days,  in  others  it  may  be  longer,  up  to  two  weeks,  and  a  large 
majority  of  patients  die.  In  a  few  cases  the  disease  comes  to  a  stand- 
still ;  remissions  occur,  which  may  be  followed  by  an  exacerbation  and 
death,  or  by  a  slow  recovery. 

The  prognosis  is  very  grave,  and  the  treatment  can  only  be  of  a 
general  character,  such  as  would  be  used  in  any  acute  infection  or 
in  acute  myelitis.  Ergot  has  been  recommended  in  large  doses,  but 
this  seems  to  be  an  empirical  suggestion  with  no  rational  basis. 
Antiseptic  treatment  by  hypodermic  injections  of  carbolic  acid  or  of 
formalin  injections  into  the  veins  might  be  tried. 


CHAPTER    XXIII. 


SPINAL  MENINGITIS. 


Etiology.  Acute  meningitis  limited  to  the  spinal  cord  develops 
after  various  forms  of  dii^ease  of  the  spinal  eolumn  or  of  the  dura 
mater,  especially  after  tuberculrms  and  malignant  disease.  It  may 
occur  as  tfie  result  of  any  form  of  injury  of  the  spinal  column  or  of 
the  spinal  cord,  especially  if  tliat  injury  involves  a  laceration  of  the 
surface  and  opeiLS  the  way  for  tlie  ingress  of  germs.  Acute  spinal 
meningitis  may  also  develop  bb  a  complication  of  acute  myelitis  and 
myelomalacia  from  any  cause.  It  may  also  arise  as  a  complication 
of  bed'sores,  the  septic  agent  having  direct  access  to  tlie  meninges, 
either  through  the  vessels  or  along  the  nerve  trunks.  It  may  develop 
also  by  extension  of  a  meningitis  of  the  base  of  the  brain,  especially 
aft^r  otitic  meningitis.  The  mast  conurion  cause  of  acute  meningitis 
is  the  presence  of  some  infectious  agent  in  the  blood  as  the  result  of 
pneumonia,  typhoid  fever,  rheumatism,  funmculosis,  tuberculous 
disease  anywhere,  or  any  of  the  infectious  diseases,  or  septicaemia. 
Exposure  to  cold  is  mentioned  as  a  possible  cause,  though  this  is 
questionable. 

Epidemic  cerebro-spinal  inenitigitis  is  descril:)ed  in  Chapter 
XXXVIIL 

Pathology.  On  opening  the  spinal  canal  an  accumulation  of  fluid 
is  found  between  the  dura  and  pia,  infiltrating  the  meshes  of  the 
arachnoid,  and  this  fluid  may  be  purulent.  Here  and  there  on  the 
surface  of  the  cord  are  collections  of  pus  or  of  thick  fibrin  and  plastic 
material  and  gelatinous  masses.  Fibrinous  exudations  upon  the  sur- 
face of  the  cord  in  the  pia  are  evident  at  places.  Thus  the  usual 
proofs  of  an  inflammation  of  a  serous  meoil>rane,  sermii,  fibrin,  and 
pus  ai'e  found  irregularly  scattered,  or  filling  up  all  the  meshes?  of  the 
arachnoid  and  covering  the  pia.  The  l)l(jodvessels  are  distended 
with  blood,  and  small  hemorrhages  may  be  found.  There  Ls  a  close 
adhesion  of  the  pia  to  the  cord,  and  frequently  also  to  the  dura. 
Meningitis  may  extend  to  the  nerve  roots  at  their  points  of  exit 
through  the  membranes.  On  microscopic  examination  an  extensive 
congestion  of  the  finer  bloodvessels  of  the  niemnges  and  of  the 
arteries  entering  the  periphery  of  the  cord  is  e\ident,  and  there  is 
an  exudation  of  cells  about  the  bloodvessels  l>oth  in  the  pia  and 
in  the  periphery  of  the  cord.  Capillary  liemorrhages  are  frequently 
observed  in  the  pia  and  within  the  cord,  together  with  masses  of  fibrin 
and  collections  of  pus.  CEciematous  swelling  of  tlie  various  layers  of 
the  pia  and  the  production  of  connective  tissue,  with  a  marked  thick- 
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ening  of  the  pial  layers ^  are  generally  present.  Changes  are  uniformly 
observed  on  the  nerve  root«  and  also  in  the  spinal  cord.  The  nerve 
roots  show  swelling  of  the  axis  cylinder  and  destruction  of  the  myelin 
sheath,  vdih  all  forms  of  degeneration  in  the  nerves.  There  is  also 
a  congestion  of  the  vessels  of  the  perineurium  and  endoneurium  and 
an  exudation  of  leueocj^es  and  small  cells.  The  spinal  cord  is  usually 
affected  to  the  depth  of  one-half  centimetre  from  the  surface  on  all 
sides.  Fine,  small-cell  infiltration  is  evident  along  the  blood v^essels, 
and  many  leucoc\^es  are  found  within  the  cord.  The  %^essels  are 
distended  and  occiisionalty  ruptured.  Swelling  of  the  axis  cylinders 
of  the  white  columns,  segmentation  of  the  myelin,  and  general  tlegen- 
erative  processes  in  the  nerve  fibres  of  the  cord  are  jiresent,  and  these 
appear  to  be  more  intense  near  to  the  bloodvessels,  and  sometimes 


Fio.  156. 


Acute  mefilngomyelltljt.  Seotioo  through  the  anterior  border  of  tbe  iipliial  cord  and  roenliifw, 
flbowlii^  iiiHltratiou  of  the  linuot  b}^  Inflatumiibory  products.  (MftHaesco,  IntemfttlOD&l  Medical 
OoQgreas,  Farit,  1900.) 

can  be  found  at  a  considerable  depth  from  the  surface  of  the  cord, 
especially  along  the  larger  arteries.  Thus  wedge-shaped  regions  of 
degeneration,  apex  inward,  may  be  discovered  in  the  cord.  Th^e 
changes  are  usually  more  intense  in  the  posterior  and  lateral  colmiius 
than  in  the  anterior  columns.  There  is  usually  a  tendency  t^  an 
increase  in  the  glia  and  to  a  connective -tissue  jjroduction.  and  if  the 
condition  goes  on  to  a  chronic  stage  small  plaques  of  connective 
tissue  and  sclerosis  may  be  |>roduccd.  Similar  changes  are  observed 
in  the  medulla  oblcjugata  if  the  disease  extends  upward  t^  the  brain. 
If  the  disease  does  not  prove  fatal  there  may  be  left,  as  a  result  of 
an  acute  meningitis,  a  elii'onic  permanent  thickening  of  the  pia  mater 
with  adhesions  to  the  dura  mater  and  with  sclerosis  of  the  spinal 
cord  and  chronic  degenerative  processes  in  the  nerve  roots.    In  the 
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case  of  the  anterior  nerve  roots  these  may  extend  outward  to  the 
peripheral  nerves. 

Symptoms.  Aente  meningitis  iiBoally  develops  suddenly  ^^^th 
fever,  chiil,  and  murlvcd  constitutional  disturbances,  with  all  the 
phenomena  of  a  febrile  niovenient^malaise,  nausea,  and  (harrha?a. 
— and  in  addition^  \rith  local  syniptoms  referable  to  the  spinal  cord 
and  especially  to  irritation  of  its  surface  and  nerve  roots.  These 
symptoms  consist  of  severe  pain  in  the  back  and  radiating  pains 
about  the  body  and  down  the  limbs,  which  are  greatly  increased  by 
movement  or  by  pressure  or  by  any  irritation  of  the  surface.  They 
are  soon  followed  by  a  eonditi(»n  of  stiffness  of  the  back  ami  of  the 
neck,  so  that  the  entire  body  is  held  rigid,  and  all  attempts  at  move- 
ment are  resisted  Ix'eause  of  the  increaserl  pain  thereby  produced. 
An  actual  rigidity  of  the  nmscles  of  the  back  of  the  neck  can  be  felt, 
and  tills  may  increase  to  the  point  of  ot>isthotonos,  especially  in 
children.  The  pains  of  meningitis  are  of  a  neuralgic  character  and 
are  very  constant  and  fretjuent.  They  shoot  from  the  back  around 
to  the  front  of  the  body,  and  they  shoot  up  ami  down  the  arms  and 
legs.  They  are  attendetl  by  hypjera^thesia  and  hyperalgesia  of  the 
skin,  so  that  all  touch  or  handling  of  the  surface  is  unendurable^  and 
the  patients  ver}'  often  are  unal>le  to  bear  the  weight  of  the  bed- 
clothing,  which  has  to  be  supported  by  a  basket  arrangement  in  the 
becL  This  hyperseasitiveness  is  often  attended  by  spasms  of  the 
muscles  and  twitchings  of  the  limbs,  and  these  cramps  are  often  very 
painfuK  Kernig  has  noticed  that  if  these  patients  are  made  to  sit 
up  ill  bed  the  legs  are  always  drawn  up,  with  flexion  of  the  knee. 
The  leg  cannot  be  extended  on  account  of  the  contracture  of  the 
flexor  muscles.  In  the  course  of  a  few  days,  as  the  result  of  the 
inflammation  and  flegenerative  changes  in  the  nerve  roots,  anaes- 
thesia may  develo]j  in  the  |>arts  that  Inive  l»f*en  painful,  and  in  some 
castas  paralysis  witli  atrophy  develops  in  the  muscles.  This  is  usually 
noticed  first  in  the  legs,  and  is  subsecfuently  attended  by  an  incrciise 
of  the  knee-jerks  and  the  development  of  ankle  clonus.  Later  on,  if 
the  paralysis  becomes  extrem(\  the  reflexes  may  be  lost.  Within  a 
few  days  of  tlie  onset  disturbance  in  the  action  of  the  bladder  de- 
velops, there  being,  frequently,  retention  of  urine,  requiring  the  use 
of  a  catheter,  an*!  c»bstinate  constipation;  later  on  incontinence  may 
ensue.  A  tendency  to  the  tleveloprnent  of  bed-sores  is  observed  in 
all  ca.^s,  anil  tlie  skin  numt  be  cared  for  by  constant  change  of  the 
position  and  by  i)roi)er  su|>|iort  ujion  an  air-bed  or  water-bed. 
Vasomotor  distiu^bances  are  common  in  the  shape  of  flushings  or 
sudden  pallors  of  tlie  skin,  and  at  any  point  upon  the  bixly  a  red 
line  will  appear  after  the  skin  is  irritaterl  by  a  sharp  object,  such 
m  a  pencil  or  nail  (tdches  c&r^hraies  on  f<)yinales). 

The  course  of  the  case  Ls  often  a  ra|>id  one,  and  within  a  week 
imi»lication  of  the  muscles  of  respiration  or  an  affection  of  the  pneu- 
mogastric  nerve  produces  death  from  res|>iratory  or  heart  failure. 
It  may  be  preceded  by  very  rapid,  irregular  respirations,  by  Cheyne- 
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Sttikes  respiration,  or  by  iTitennittent,  irregular  pulse.  In  the  ma- 
jority of  the  cases  the  Ulelii^gitit^  extends  to  the  eraiiia!  cavity,  and 
cerebral  symptoms,  convulsions,  and  cranial  nerve  palsies  develop 
just  before  death.  In  other  cai?es  tlie  progress  of  the  case  is  less 
rapid,  and  two  or  three  weeks  pass  before  the  symptoms  become 
severe  enough  to  give  rise  to  alarm,  and  the  patient  may,  even  after 
the  most  severe  syoiptfjms,  gi-adually  recover,  though  frequently  a 
state  of  chronic  meningitis  is  left  in  which  paralyses^  miLscular  atro- 
phies, irregular  pla^iues  of  amesthes:ia,  and  disturbance  in  the  action 
of  the  bladder  and  reetum  remain  for  many  months. 

Diagnosis.  The  diagnosis  of  acute  meningitis  is  much  aided  by 
Quincke's  puncture.  This  should  be  done  with  strict  care  as  to 
asepsis,  but  without  an  anesthetic.  Local  anaesthesia  with  chlor- 
ethyl  spray  may  be  used.  It  is  performed  by  hiying  the  patient 
upon  the  side  and  bending  the  body  as  far  forward  ixs  possiljie,  the 
thighs  lieing  flexed.  A  h<»!low  needle  one  millimetre  in  diameter  is 
then  thrust  between  the  third  and  fourth  lumbar  si>ines  in  the  middle 
line  chrectly  into  the  spinal  canal,  its  direction  being  a  little  upward 
in  order  to  avoid  the  lamina,  Tlie  fourth  lumbar  spine  is  on  a  line 
connecting  the  crests  of  the  ilium.  It  may  be  thrust  from  three  to 
eight  centimetres  before  reacliing  tlie  spina!  canal,  according  to  the 
age  and  fatness  of  the  patient.  When  the  stylet  is  withdrawn  the 
cerebro-spinal  fluid  will  flow  out  of  the  needle,  either  in  a  gush  (if 
there  is  a  great  increa,se  of  pressure)  or  droi>  l)y  rlrof)  (if  there  is 
little  jjressure).  If  it  does  not  flow  freely  the  flow  can  be  increased 
by  placing  the  patient  in  an  upright  position.  From  a  few  drops  to 
fifty  cubic  centimetres  may  l>e  withdrawn  without  any  ill  effects.  The 
wound  is  to  be  closed  with  collodion.  In  cases  of  meningitis  bacteria 
of  various  kintls  have  been  found  in  the  serum^tubereular  bacilli  in 
tuberculoiLs  patients;  the  streptococcus  aureus  or  pyogenes  in  septic 
cases;  the  pneumococcus  in  other  causes.  The  mere  withdra%val  of 
the  fluid  where  the  intras)jinal  jjressure  is  great  is  followetl  l>y  great 
rehef  of  tiie  symptoms,  notidjly  tho  pains  ami  spasms  of  the  back, 
and  Quincke's  |>imcture  may  In*  done  not  merely  a*s  a  diagnostic 
but  also  as  a  thera|)eutic  measure. 

Prognosis.  The  prognosis  in  acute  meningitis  will  depend  some* 
what  upon  the  caib<e,  and  is  more  unfavnrablc  in  tul)erculous  cases 
th,^m  in  juirely  septic  cases.  Tlie  nit^ningitis  rollowing  pneumonia 
and  tyj>la>id  fever  usually  recovers. 

Treatment*  The  treatment  of  meningitis  consists  in  absolute  rest 
in  bed.  An  air-bed  or  water-bed  shouKl  i>e  employed  esu'ly  on  account 
of  the  tendency  to  bed-sores.  It  is  preferable  for  patients  to  lie  upon 
the  sides  rather  than  upon  the  back.  Cold-water  applications,  or  ice- 
bags,  should  l>e  applied  to  the  spine.  Blisters  or  the  actual  cautery 
may  be  applied  along  the  back.  Cupping  also  may  be  u.sed,  either 
wet  or  iby,  according  to  the  general  coialition  of  the  individual. 
The  general  constitutional  disturbances  must  te  treated  by  laxatives 
and  by  antipyretics.     The  {lains  recjuire  sedatives,  eitlier  bromides  in 
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large  doses  or  bromide  and  fliloral  together,  recourse  being  had  to 
opium  if  the  analgesics,  pheiiaeetiii,  etc.,  faih 


CHRONIC  MENINGITIS. 

Pathology.  A  few  eases  of  ehronic  meningitis  begin  in  an  acute 
process,  but  the  majority  develop  a.s  a  ehronic  syphihtic  inflamma- 
tion from  the  start.  In  chronic  meningitis  there  is  no  production  of 
pus  and  very  httle  fibrin,  but  simply  a  connective-tissue  formation 
with  or  witiiout  an  increase  of  serum.  In  all  eases  the  result  is  a 
congestion  and  distention  of  the  bloodvess€4s,  a  leucoc}"tosis  and 
round-cell  infiltration  of  the  membranes  of  the  cord  and  of  the  nerve 
trunks,  and  a  thickening  of  all  the  tissues  involved,  A  chrome 
degenerative  process  is  usually  set  up  in  the  spinal  eord,  especially 
ill  the  periphery  of  the  cord,  giving  rise  to  a  elironic  memngomye- 
litis.  In  faetp  the  majority  of  cases  of  chronic  menijigitis  are  asso- 
ciated with  chronic  myelitis  of  low  grade  and  slow  course. 

In  clironic  meningitis  of  sypliilitic  origin  gummy  exudations  or 
gelatinous  masses  are  found  all  through  the  meshes  of  the  pia  mater 
and  araclmoid,  anil  ver\^  often  surround  the  nerve  roots.  Thus  in  the 
case  reporter!  l>y  Buttersack  (Fig.  151 )  the  gelatinous  mass  surrounded 
both  the  cord  and  the  nerve  roots  and  was  attended  by  a  round-cell 
infiltration  of  the  cord  itself.  In  sypliihtie  meningitis  the  blood- 
vessels are  thickened,  both  veins,  arteries,  and  capillaries,  and  the 
lymphatics  show  deposits  in  their  walls  and  an  infiltration  with 
small  ceils.  The  changes  in  the  bloodvessels  accom|janying  a  syphil- 
itic meningitis  are  those  found  in  all  forms  of  ol>literating  endarteritis, 
and  very  frequently  are  attended  by  obliteration  of  tlie  lumen  of  the 
vessels.  In  the  sj'philitic  forms  of  clironic  meningitis  wedge-shai^ed 
plaques  of  connective  tissue  are  found  in  ihv  spinal  coriL  irregidar 
repons  of  sclerosis,  and  a  round-cell  infiltration  all  through  the  white 
matter  of  the  cord,  which  occasionally  [lenetrates  as  deej>ly  as  the 
gray  matter,  (Fig.  157,)  In  the  syiihilitie  forms  of  meningitis 
these  lesioib^,  both  of  tlie  meninges  and  the  eord^  may  be  continuous 
over  a  considerable  ilistance,  or  they  may  be  disseminated  irregularly 
through  either  enlargement  or  tlu'ough  the  entire  cord. 

Ssnnptoins*  The  course  of  a  case  of  chronic  meningitis  differs  from 
that  of  acute  meningitis  only  in  the  absence  of  fel)rile  onset  and  in 
the  slower  development  of  the  various  symptoms.  The  same  stiff- 
ness in  the  back  and  limbs,  tendency  to  cramps,  shooting  pains, 
h>T:)era:^thesia,  paralyses,  anaesthesia,  and  disturl>ance  in  t!ie  action 
of  the  bladder  and  rectum,  develop  slowly,  together,  or  in  succession. 

Diagnosis.  The  diagnosis  of  the  coudit  ion  is  usually  very  easy  from 
the  symptoms  that  are  present.  Ordinary  pains  in  the  back,  even 
when  att-ended  bj' rigidity  and  by  some  neuralgic  pain  and  occasional 
cramps,  are  not  sufficient  to  establish  a  diagnosis,  as  they  may  be  due 
to  neurasthenia,  may  appear  in  traumatic  neurosis,  or  may  follow 
slight  falls  and  injuries  of  the  back.     Under  these  circumstances, 
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however^  tht*  intensity  of  the  symptoms  is  much  less  than  in  menin- 
gitis, and  in  case  of  doubt  Quincke's  puncture  will  fail  to  reveal  the 
existence  of  an  increase  of  cerebro-spinal  fluid.  Muscular  rheuma- 
tism may  produce  a  severe  pain  in  the  back  with  more  or  less  tender- 
ness in  the  muscles  and  in  the  spine,  but  never  goes  on  to  develop 
the  other  symptoms  of  meningitis  already  mentioned.  Myelitis, 
though  frequently  attended  by  a  complicating  meningitis,  is  not,  as 
a  rule,  attended  by  pain  of  as  intense  a  character,  and  there  are  few 
neuralgic  j>aiiis  and  no  tendency  to  a  spasm  or  cramps  in  tlie  muscles 
or  to  rigidity  of  the  back, 
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Syphtlltlc  meningitis,  3cM7tloQ  from  the  inidlhonaclc  re^on  fsf  the  splim.!  ociri],  ahowtng  the 
Ihlck&iiiDg  of  the  membmnffi  And  their  a^jheslnn  lo  the  cord,  a,  a,  a,  a,  a,  DeBcneration  of  the 
peri  pbenl  parte,  of  tlie  conl,    (SplHer  \ 

Treatment.  In  the  chronic  easels  a  thorough  course  of  inunctions 
of  mercury,  followed  by  iodide  of  potash  in  full  doses,  from  twenty  to 
one  hunih'ed  graim?,  three  times  a  day,  will  be  of  ser\dce  not  only  in 
the  syphilitic  but  also  in  other  eases.  Cautery  applied  to  the  spine 
will  give  relief  to  many  of  the  pains  and  to  the  stiffness.  Massage 
and  long'Continued  warm  Ijaths,  or  spinal  douches,  or  sponging  of 
the  spine  alteriiately  with  hot  and  cold  water,  are  also  of  service. 
The  genera!  strength  of  tlie  patient  should  be  supported,  and  all 
forms  of  good  food  and  tonics  should  be  used  freely. 


CHAPTER  XXIV. 
^gET)IAGNOSIS  AND  LOCATION  OF  BRAIN  DISEASES. 

The  structure  of  the  brain  and  the  localization  of  its  functions  are 
subjects  that  have  received  much  attention  during  the  pajst  twenty 
years.  To  give  even  a  concise  review  of  them  wouhi  require  too 
much  space  in  this  text-book.  Hence  the  reader  is  referred  to  the 
recent  elaborate  works  of  Gnrdinier/  Barker,'  Edinger/  Van  Gehuch- 
ten/  Obersteiner/  Dejerine/*  Ferrier/  aiKl  the  author'-  for  the  details 
of  anatomy  and  physiology.  In  this  chapter  a  study  of  the  symp- 
toms occurring  in  br^iin  diseases  will  be  presented  and  an  attempt 
will  be  made  to  trace  each  symptom  to  its  anatomical  basis,  so 
that  its  significance  as  an  index  of  the  pathological  state  present 
may  be  clear. 

The  synijitoms  that  present  themselves  in  cases  of  brain  disease  are 
broadly  di\iiled  into  two  cla^^ses,  viz.,  general  and  local  symptoms. 

The  general  aymptoma  are  headache,  dizziness,  vertigo,  tUscom- 
fort»  and  general  sensatioiLS  of  fulness,  pulsation,  and  j^ressure  in 
the  head;  delirium,  excitement,  depression,  stupor,  anrl  coma;  dis- 
tiu*bances  of  steep;  nausea  and  vomiting;  convulsions;  optic  nem-itis; 
variations  in  the  rate  of  pulse,  respiration,  and  temi>erature ;  dis- 
turbances of  secretion  of  sweat  and  uriue;  ^listurbances  in  the 
vasojijotor  condition,  and  disturbances  of  nutrition. 

These  symptoms  may  occur  in  the  course  of  any  cerebral  affection 
and  indicate  an  irritation  of  the  brain  or  an  arrest  of  its  functions 
as  a  whole.  They  occur  no  matter  where  the  diseavse  is  located  in 
the  brain,  and  are  as  coiumkui  when  one  locality  is  affected  as  when 
another  is  invaded.  They  are  import  ant  symptoms  of  cerebral 
lesion,  but  they  do  not  indicate  its  f  H>siti(UL  They  are  of  great  value 
in  detcTUuiiing  the  variety  of  disease  which  is  present,  and  it  is  from 
the  liistory  of  their  development  in  any  case  that  the  diagnosis  is  to 
be  matie. 

The  local  symptoma  of  lirain  disease,  on  the  other  hand,  are  pro- 
duced Ijy  alTectioiis  of  different  parts  of  the  organ,  and  each  sympt<»m 
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shows  that  a  certain  ])articuhir  region  is  tliseaf>ed.  These  Byniptoms 
are  spasm  or  paralysist  of  one  or  two  limbs  or  of  one-half  of  tlie  l>ody ; 
loss  of  perception  of  touch,  temperature^  pain,  or  position  of  one  or 
two  linilis  or  of  one-half  of  the  body ;  loss  of  visual  jx >wer  or  of  t  he 
power  of  smell,  taste,  or  hearinjs;;  and  aphasia,  or  disturbances  in 
speech.  These  symptoms  may  be  entirely  wanting  in  some  cases  of 
disease  when  that  does  not  involve  the  pfjrtions  of  tlie  brain  concerned 
in  sensation  or  in  motion.  One  of  them  may  occur  alone  if  a  lesion 
is  of  small  extent,  or  they  may  occur  in  certain  combinatioiLs.  The 
important  fact^  however,  in  connection  with  each  symptom  is  that 
lis  presence  shows  the  localization  of  the  disease  which  is  present. 
From  the  manner  of  the  occurrence  of  these  local  symptoms,  whether 
their  onset  is  sudden  or  gradual,  some  information  can  be  gained 
which  is  an  aid  in  the  diagnosis  of  the  nature  of  the  disease,  but  the 
character  of  the  local  symptom  is  the  same,  no  matter  how  different 
the  pathological  process.  Thus  a  hemiplegia  presents  the  same 
features  whether  the  It^sicm  is  a  hemorrhage,  an  abscess,  or  a  tumor; 
but  in  any  of  these  diseai^es  its  appearance  indicates  that  the  motor 
portion  of  the  brain  is  involved. 

Fig.  158 shows  the  appear^mce  of  the  left  hemisphere  of  a  highly 
organized  brain.  In  Fig.  159  a  diagi'ani  constructed  from  a  series 
of  photographs  of  the  ne\irones  of  the  cortex  is  given.  This  demon- 
strates the  various  layers  of  the  cortex  and  the  different  kinds  of 
cells  in  the  different  layers. 

General  Symptoms*  Headache  is  due  to  a  distm-bance  of  nutrition 
of  the  brain.  It  occurs  in  a  great  vatiety  of  diseases,  Ix^ing  usually 
more  severe  in  constitutional  affections  than  in  diseases  of  tlie  brain. 
In  both  functional  and  organic  diseases  of  the  brain  it  is  a  very 
common  symptf>m,  varying  in  intensity  and  locality.  It  may  be  a 
dull,  coniimious  |)ain,  with  intermissions  or  remissions  and  exacer- 
bations, m  in  the  various  forms  of  meningitis  and  in  brain  tumor. 
It  may  be  suihien,  sharp,  anil  excruciiiting,  but  not  long  in  duration, 
as  in  great  congestion  of  the  brain,  in  endarteritis  and  preceding 
apoplexy  or  from  the  pressure  of  a  tumor.  It  may  l>e  intense  for  several 
hoiu-s  in  the  afternoon  and  evening,  as  in  syphilis  of  the  menil)ranes 
or  of  the  brain.  It  may  take  any  form  in  cerebral  neyrasthenia  and 
hysteria,  but  never  resendjles  the  pain  of  a  neuralgia  in  its  exact 
limitation  to  a  nerve  trunk,  or  the  pain  of  a  migraine  in  its  precise 
unilateral  position  and  in  its  regular  recurrence  in  attacks  with  long 
periods  of  freedouL  Headache  is  one  of  the  chief  and  most  severe 
and  agonizing  sjniiptoms  in  pachymeningitis  and  in  meningitis,  being 
either  local  or  thffuse,  and  is  continuoiLs  to  the  end.  Headache 
occurs  in  mihl  attacks  in  the  condition  of  endarteritis  which  precedes 
apoplexy,  and  is  likely  to  be  of  frequent  recurrence  on  mental  or 
physical  exertion.  It  usually  ceases  on  the  occasion  of  an  apoplectic 
attack,  and  does  not  return.  Headache  rarely  develops  in  cases  of 
cerebral  atrophy  and  maldevelopment:  hence  idiots,  imlx^ciles,  and 
hemiplegic  children  do  not  often  suffer  from  it.     It  is  rarely  felt  by 
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paretics;  hence  is  not  a  sjinptom  of  nieningo-encephalitis.  Head- 
ache is  a  marked  symptom  of  brain  abscess  and  of  brain  tumor,  in 
tlie  former  being  of  sudden  onset  and  severe  throughout  the  short 
illness,  and  in  the  hitter  being  of  variable  intensity  but  of  almost 
daily  recurrence  from  i^eginning  to  end.  Headache  is  present  in 
thrombosis  of  the  cerebral  sinuses.     It  is  a  very  marked  and  constant 
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Tbe  outer  tuTfhce  of  the  len  bembphere.  .s,  Sylvfiin  figure.  8^,  Ouier  portion  of  the  Sylvtun 
dsatin; ;  Includiog  S^  q»c  ,  (lostonor  ternikial  bmncti.  Sf.  AtiVtviOf  iBCendln;  bimoch.  c.  VentiwX 
t^um ;  Including  clr,,  iufedor  iraDBTerw  Huloua.  pei,  Inferinr  pre««tiliml  «alcii8,  pc*,  Superior 
precentml  »alcas.  pem  Medi&a  precentral  sukiw.  rei.  i.  Inferior  retmocntml  ealciM.  rte.9. 
Snpeilor  retrocentml  iulcui.  tie.  tr.  Tmiiii?«me  retmcentml  sxilena.  f/r,  Modtan  margttiJit  JHtuT«. 
fi,  Superior  fmntal  hqIcuh.  /j.  Inferior  frontal  sulcui^.  f^.  Median  fronlAl  nukiiit.  d.  D1a«cooa1 
OperciiUr  Btilcui.  r.  RidUting  frontal  «ulcu»,  /iiii./wia./m,.  Pta its  of  orbUiil  ma rginal  sulcus,  ip. 
InterpiiHedLl  •ulcut.  po.  Inner  perpend loiila-r  tl&suro.  oct.  ant.  Outer  perpeudicular,  or  ape  flusure, 
oectal  Ultifnil  ocdpa&l  flMure.  ti.  First  temporal  sulcu§.  or  panillel  flanurc;  Inclndlng  ft  ime., 
wcendlng  mnitia.  t^.  Second  teiopoml  sulciu;  tni^liidlng  f«a«r,,  aec«ndlng  branch.  A.  Anterior 
oentml  cotiTolutiiou.  B.  Posterior  central  coii?olmio[i.  J^|.  Superior,  or  lint  frontal  ooRvolutioa. 
Ft^  Median  frontal  coovolatlon  :  including  Ft  nud.^  median  layer :  F^  taL,  lateral  layer.  F^.  In* 
ftertor.  or  third  frontal  convolution  ;  Ineluding  p,  ba*.t  baaal  part  of  opercular  (iortlou;  p  e«e. 
ascendlog  portion  of  the  opercular  portion ;  p.  triang,,  triangular  portion  ;  p.  orb.,  orbitai  portion 
L  Lateral  root  of  the  raperfor  froniat  coDvoiutlon.  2.  T^ienul  root  of  the  miedlau  frontal  convoto» 
tion.  P|.  aupertor  parietal  lobe,  Pj.  lufertor  parietal  lobe;  Iticludltig  G.  spm,,  •uprmmaryltial 
eoUTolution ;  O.  ang.^  angular  convolution ;  G.  par.  pott,,  poftenor  parietal  eonvolutloix.  0. 
Oocipit«l  lnhe«  Ti.  Ffnt  temporal,  or  parallel  conroltitloQ.  Tf.  Second  temporal  convoluUoii. 
Tt,  Tblrd  temporal  cooToiutlof].    (Eberstaller,) 

symptom  in  all  forms  of  brain  syphilis.  Headache  occurs  in  condi- 
tions of  anjemia  of  the  brain,  being  usually  feU  at  the  top  or  back 
of  the  head.  In  the  persistence  of  tliis  s^Tiiptom  and  its  association 
with  other  general  and  local  symptoms  of  brain  disease  it  is  of  value 
in  diagnosis.  In  certain  caj^es  headache  is  always  felt  at  one  part 
of  the  head^ — frontal,  vertical  or  occipital,  unilateral,  in  the  temple^ 
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or  behind  the  ear.  Sometimes  such  a  local  pain  has  been  found  to 
be  due  to  disease  at  the  site  of  pain,  viz.,  to  abscess,  tumor,  especially 
gumma,  or  to  osteitis,  or  pachymeningitis ;  but  this  is  not  uniformly 


Fig.  159. 


Diagram  of  the  layers  of  cells  of  the  cerebral  cortex.  /.  Superficial  layer :  a.  fusiform ;  b,  trlan- 
gnlar ;  e,  polygonal  cells  of  Cajal.  //.  Layer  of  small  pyramid :  d,  smallest,  e,  small,  /,  medium- 
sixed  pyramids,  with  their  neuraxones  descending  to  tne  white  matter,  giving  off  ;collaterals  in 
their  coune.  III.  Layer  of  large  pyramids :  g,  largest  (giant)  pyramidal  cells ;  k,  large  pyramidal 
cell  with  very  numerous  dendrites ;  all  pyramidal  cells  are  seen  to  send  long  apical  processes  up 
to  J. ;  m,  Martinotti  cell  with  descending  dendrites  and  ascending  neuraxone ;  n,  polygonal  cells. 
IV,  Deep  layer:  p.  fiisiform  cell;  q,  polygonal  cell.  V.  The  white  matter  containing  the  neur- 
axones ftom  pyramidal  cells  d,  e,f,  g,  and  from  cell  of  the  deep  layer  p;  r,  neuroglia  fibre.  (Starr, 
Atlas  of  Nerve  Cells.) 


the  case,  and  in  brain  tumors  the  location  of  the  pain  is  not  a 
reliable  indication  of  the  position  of  the  tumor.  The  distiu-bance  of 
the  circulation  and  the  venous  congestion  which  lead  to  an  effusion 
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of  fluid  either  into  the  lateral  ventricles,  into  the  membranes,  or  into 
a  ej'st  in  the  brain,  or  t^  a  state  of  cerebral  oedema  is  a  condition 
which  gives  rise  to  most  intense  and  persistent  headache,  and  this  is 
the  conditinn  w  liieh  mrikes  it  sucli  a  common  symptom  in  brain  tumor. 

Diasineaa  and  vertigo  are  common  symptoms  in  lirain  disease. 
The  origin  and  varieties  of  vertigo  are  diiscussed  in  connection 
^ith  disease  of  the  auditory  nerve  and  its  relation  to  the  cere- 
bellum. In  diseases  nf  the  bniin  vertigo  is  usually  an  iDtermittent 
symjjtom,  oecumng  in  attacks.  It  may  consist  of  a  mere  sense  of 
swapng,  or  of  the  turning  of  olijects  about  one,  or  it  may  be  so 
intense  as  to  force  the  victim  to  lie  dowji  and  to  hold  on  to  the  bed, 
the  delusion  of  motitin  being  overwlielming.  It  leads  to  an  unsteady 
gait  antl  to  staggering.  It  may  lead  in  extreme  cases  to  forced 
movements  of  rntatifiu  in  an  attempt  to  correct  the  delusional  sense 
of  movement.  It  is  a  symptom  which  appears  in  many  cases  of 
endarteritis  prior  to  apoplexy,  and  often  persists  after  an  apoplectic 
attack.  It  occurs  in  abscess  and  tumor  of  tlie  brain,  and  in  tlK*se 
cases  may  be  constant.  If  |jersistent  and  severe  in  all  these  cases 
it  may  indicate  disease  in  the  eere))ellum;  but,  like  headache,  it  is 
not  a  reliable  local  s}Tnptom  unless  it  is  found  in  conjunction  with 
other  local  indications.  It  occurs  in  neurasthenia  and  hysteria  as 
well  as  in  many  constituti(nia]  conditions.  It  is  untloulitedly  an 
indication  of  n  general  ihsturhanco  of  function  and  nutrition  in  tliose 
mechanisms  of  the  brain  which  preside  over  equilibrium.  These  are 
too  extensive  and  located  in  too  many  different  regions,  however,  to 
make  vertigo  a  local  sign  of  disease. 

Heneral  cerebral  sensations  of  discomfort,  of  pressure  in  the  head, 
of  fulness,  or  of  irregular  pulsation  nrQ  felt  by  many  patients  with 
functioned  and  organic  diseases.  They  are  more  connnonly  noticed 
in  neurasthenia  ant  I  hysteria  and  instates  of  endarteritis  that  pre- 
cede ai)oj)Iexy  than  in  states  of  bridn  s<>ftening.  Anything  which 
increases  the  intracranial  pressure,  the  existence  of  a  clot,  or  abscess, 
or  tumor  is  hkely  to  cause  these  sensittions,  and  they  are  invariable 
mth  effusion  into  the  ventricles.  They  are  to  hi'  considered  as  of 
more  than  casual  imiMjrtance  only  when  aKS(Jciated  with  other  signs 
of  organic  diseases. 

Mental  symptoms  of  many  kinds  ilevelop  in  the  com-se  of  brain 
disease  and  are  always  due  to  a  disturbance  of  cerebral  function.  A 
state  of  mental  excitement  may  indicate  an  irritation  of  the  brain 
cortex,  and  this  may  Ijecome  delirium  when  the  power  of  voluntary 
control  of  thought  is  impaired.  This  occurs  in  abnormal  constitu- 
tional states  and  fever  and  in  meningitis  nmch  more  frequently  than 
in  gross  lesions  of  the  brain,  though  afttT  an  apoplexy,  or  in  the 
course  of  an  abscess,  or  throndiosis  of  the  lateral  sinus,  or  in  s^'philis 
of  the  brain,  delirium  at  night  is  not  uncommon.  Depression  of  brain 
acti\ity»  a  sense  of  inalnlity  to  tltink  or  reason,  a  true  slowness  of 
the  association  processes,  and  an  impairment  of  judgment  and  of 
self-control  are  symjUoms  of  cerebral  lesions  found  in  all  varieties 
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of  disease,  butli  iliflfuse  and  localizecL  The  lack  of  self-control  mani- 
fests itself  by  an  emotional  Plate  in  which  the  patient  shows  signs 
of  amusement  or  of  flistress  on  slight  cause,  and  is  nneontrollable  in 
temper  and  action.  All  these  forms  of  mental  disturl>ance  may 
develop  in  any  kind  of  di.sease  of  the  meninges  or  of  the  brain.  They 
are  particularly  prominent  in  cases  of  affection  of  the  frontal  lobes^ 
which,  as  is  well  known,  are  the  supposed  site  of  the  higher  mental 
faculties,  of  co-ordinated  ideas,  of  powers  of  attention,  of  reasoning, 
of  judgment,  and  tif  self-cuntrol.  Defects  of  development  in  these 
lobes  are  followed  by  an  inability  to  ac<^uire  the  higher  ideas  which 
distinguish  man  from  animals,  and  hence  lead  to  weak-mindedness 
and  idiocy.  Therefore,  such  mental  symptoms  may  be  considered 
as  local  symptoms  of  frontal  lesion  in  many  cases.  They  occur  with 
diseases  within  the  frontal  lobes  as  well  m  in  cortical  affections, 
and  also  in  lesions  of  the  corpus  callosum,  whose  fibres  associate  the 
action  of  the  hemispheres.  They  are  particularly  connnon  in  lesions 
of  the  so-called  association  areas  of  the  cortex.  They  are  less  marked 
in  local  tlisease  of  the  brain  that  is  confined  to  the  motor  and  sen- 
sory^  regions.  Yet  they  do  occur  in  genera!  ihft'use  affections,  such  as 
paresis  and  multiple  cerebral  softening,  and  hence  must  be  regarded 
as  general  symptoms  rather  than  as  purely  locaL  The  various  types 
of  insanity  riu-ely  tlevelop  in  cases  of  gross  cerebral  disea^,  but 
dementia  is  the  terminal  mental  state  in  many  cases  of  extensive 
destruction  of  brain  tissue. 

Insomnia  is  a  common  symptom  of  all  forms  of  intracranial  disease 
that  cause  an  irritation  of  the  brain.  It  accompanies  cerebral  con- 
gestion and  anaemia,  but  is  not  due  to  either  exclusively.  It  is 
always  present  in  meningitis.  It  often  attends  gross  lesions,  esiiecially 
those  that  increase  the  intracranial  j^fressm-e.  .Vter  an  apoplexy 
patients  asually  sleep  badh%  are  restless,  and  wake  easily.  Some* 
tinu^  the  sleep  is  disturbed  by  dreams.  Insonmia  is  an  early  sign 
of  paresis.  Grinding  of  the  teeth  in  sleep  is  a  sign  of  irritation  of 
the  base  of  the  brain.  It  is  most  common  in  meningitis  anil  in  basal 
tumors.  The  o]>posite  condition  of  drowsiness  is  okservetl  in  many 
chronic  cases  f^f  brain  tumor,  in  cases  of  dementia,  in  cases  of  exten- 
sive softening,  anti  in  cases  of  paresis.  Narcolepsy  or  sleeping  sick- 
ness, in  which  patients  fall  asleep  at  unseemly  times  and  places,  and 
cannot  be  aroused,  is  a  functional  state  not  found  in  connection  with 
gross  1  fusions. 

atupor  and  coma  develop  after  a  sudden  shock  to  the  brain,  such 
as  occurs  in  concussion  of  the  head,  or  hemorrhage  in  the  brain,  or 
with  a  rapid  alteration  of  circulation  in  the  cerebral  vessels,  as  in  the 
extreme  congestion  of  sunstrt»ke,  or  the  aniemia  of  hemorrhage,  or  in 
a  conchtion  of  sudden  oedema  of  the  brain  such  as  follows  thrombosis 
and  embolism.  In  these  conditions  coma  comes  on  suddenly.  It 
occurs  in  apoplexy  when  the  clot  is  large,  w4ien  it  ties  near  the  lateral 
ventricle,  or  when  a  large  vessel  is  obstructed  and  a  large  area  of  the 
cortex  is  deprived  of  blood.     In  any  disease  that  leads  to  an  increase 
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of  the  intracranial  pressure  stupor  and  coma  may  develop  sluwly. 
Thus  in  the  various  forms  of  meDingitis  and  sinus  dj^ease,  in  enceph- 
alitis, in  brain  abscess  and  tumor,  in  .syphilitic  exudations,  in  ven- 
tricular effusions  coma  comes  on  filter  the  cfoeaise  ha*s  been  in  progress 
some  time.  Cktma  usually  succeeds  a  con\"ulsioD.  Man}'  poisons, 
either  of  external  or  internal  origin,  are  capable  of  causing  coma,  and 
hence  it  is  not  to  be  considered  as  a  symptom  of  brain  dlseiise  uniess 
associated  with  other  signs.  It  has  no  local  significance,  but  when 
it  occurs  in  the  course  of  a  cerebral  affection  it  is  a  sign  of  great 
shock  or  extensive  disease  of  the  brain,  and  hence  is  of  bad  prognostic 
imiMirtance. 

Nausea  and  vomitliifir  arc  only  to  be  considered  as  cerebral  in  origin 
when  all  forms  of  disturbance  of  the  stomach  and  other  organs 
can  be  excluded.  Nausea  is  a  very  rare  symptom  of  brain  disease, 
but  occasionally  precedes  vomiting  of  cerel>ra!  origin.  \'omiting  is 
a  sign  of  irritation  of  the  cerel>ral  tissue  dependent  upon  irregularities 
of  the  circulation  or  ujion  an  increase  of  intracranial  pressure.  Thus 
it  occurs  in  endarteritisp  at  the  onset  of  apoplexy,  in  the  condition  of 
brain  abscess  and  brain  tumor,  and  is  a  very  common  symptom  in 
every  form  of  meningitis.  Cerebral  vomiting  often  comes  unex- 
pectedly, not  being  {>receded  by  naiLsea  or  attended  by  retching.  It 
is  due  to  a  sudden  convulsive  contraction  oi  the  stomach,  which 
expfds  its  contents  violently;  hence  it  is  called  projectile  vomiting. 
It  is  more  coimnon  in  affections  of  the  base  of  the  brain  or  of  the 
cerebellum  than  of  other  parts,  and  is  then  probably  due  to  local 
irritation  of  the  pneutnogastric  nerve.  But  it  is  not  to  be  regarded 
as  a  local  symptom,  since  it  occurs  in  diseases  in  any  locahty, 

Oonvulsions  of  a  general  kind  affecting  the  entire  body  and  at- 
tended by  loss  of  ctULsciousness  are  either  ilue  to  a  toxic  agent  in  the 
blood  which  irritates  the  brain  4>r  to  some  source  of  irritation  affecting 
the  organ  (Urectly.  .^cohol,  lea^l,  uremia,  high  fever  in  any  disease, 
and  many  drugs  may  cause  convulsions-  Meningitis  of  any  type, 
encephalitis,  paresis,  abscess,  tumor  of  the  brain,  and  syphilis  in  any 
form  may  produce  them.  Epilepsy  is  characterized  by  convulsions 
the  cause  of  whicli  is  unknown,  and  in  hysteria  convulsions  may 
develop.  Intermittent  i>erii>heral  irritation,  frequently  repeated  and 
transmitted  inward  to  the  brain  may,  in  a  hypersensitive  organism, 
cause  sufBcient  cumulated  central  irritation  to  produce  a  general 
convulsion.  A  convulsion  may  consist  of  a  series  of  alternate  con- 
tractions and  relaxatiniis  of  the  muscles  of  the  body»  termed  clonic 
convulsions,  or  may  be  a  tense  rigid  contraction  of  many  nuiscles 
together,  termed  a  tonic  convulsion.  In  epilepsy  the  tonic  stage 
precedes  the  clonic.  The  two  are  usually  associated  in  a  general 
convulsion ,  alternately.  The  convulsion  may  begin  with  a  cry,  which 
is  merely  the  result  of  a  sudden  spasm  of  the  muscles  of  expiration, 
may  lead  to  biting  of  the  tongue  and  frothing  at  the  mouth,  the  saliva 
being  churned  up  l)y  combined  motions  iA  jaw  and  respiration,  may 
be  accompanied  by  an  emptpngof  the  stomach,  bowels,  and  bladder, 
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if  these  are  full,  and  is  usually  followed  Ijy  a  complete  relaxation  of 
the  tired  muscles  and  a  state  of  stuj)or  or  conia  histing  a  variable 
time,  in  proportion  to  the  severity  and  length  of  the  con\TiIsion. 
The  com-ulsion  may  last  from  two  minutes  to  ten  or  even  twent>'. 
It  may  be  repeated  every  few  minutes  for  hours,  or  there  may  be  but 
one  attack. 

Physiological  experiment  points  to  the  existence  of  a  centre  in  the 
pons  Varolii  the  irritation  of  which  produces  a  general  con\Tjlsion,  but 
man}^  clinical  facts  seem  equally  to  prove  that  irritation  of  the  cortex 
of  the  brain,  at  first  local,  may  become  general,  and  thus  cause  a  con- 
vulsion, A  convulsion  is  not  a  local  symptom,  as  disease  in  any  part 
of  the  brain  may  bring  it  on.  Gowers*  conceives  a  condition  of  the 
motor  elements  of  the  brain  as  one  (juite  comparable  to  the  condition 
of  a  particle  of  dynamite  or  gun-cotton,  ready  at  any  time  to  give 
a  manifestation  of  its  stored-up  energy  by  a  sudden  discharge.  In 
reflex  acts  a  slight  irritation  is  capable  of  exciting  a  single  response. 
In  voluntary  acts  a  conscious  effort  causes  a  regulated  and  main- 
tained discharge  of  energy.  In  a  con\Tilsion  there  is  an  involuntary, 
tumultuous,  and  irregular  discharge  which  continues  to  the  point  of 
exhaustion.  Others  have  thouglit  that  a  convulsion  was  rather  an 
e\ddence  of  paralysis  of  a  higher  set  of  controlling  or  inhibitory 
centres  whose  coast  ant  action  is  exerted  in  repressing  the  instinctive 
tendency  of  motor  elements  to  act.  These  hypotheses  have  much 
interest  but  little  practical  importance. 

Optic  neimtii  is  a  general  symptom  indicating  an  increase  of  intra- 
cranial pressure.  It  is  fully  discussed  in  Chapter  XXXIV.  It  may 
occur  in  any  ca^e  of  brain  disease  that  is  attended  by  effusion  of 
blood  or  serum  in  the  membranes  or  brain,  in  ventricular  effusions, 
in  states  of  extreme  congestion,  in  brain  abscess,  and  in  brain  tumor. 
It  has  no  localizing  value  as  a  symptom,  but  is  more  commonly  found 
in  affections  of  the  base  of  the  brain,  of  the  basal  ganglia^  and  of  the 
posterior  cranial  fossa.  It  rarely  develops  suddenly.  It  may  be 
well  marked  without  causing  blindness,  but  it  usually  results  in  a 
dimness  of  \ision  and,  if  extreme,  in  a  loss  of  sight. 

Variations  in  the  pulae  may  attend  cerebral  disease.  A  slowly 
increasing  intracranial  pressure  at  first  causes  a  slow  pulse,  but  when 
it  is  sudden  or  extreme  tlie  pulse  may  be  rapid.  Thus  a  large  hemor- 
rhagie  causes  a  rapid  pulse,  a  tumor  causes  a  slow  pulse  during  its 
course  and  a  rapid  pulse  at  the  end.  Variations  in  the  cerebral 
circulation,  such  as  attend  endarteritis  and  thrombosLs  or  embolism, 
caiise  sometimes  a  rapid,  sometimes  a  slow,  action  of  the  hearts 
Irritation  of  the  base  of  the  brain,  such  as  occurs  in  meningitis,  always 
produces  an  irregidar  and  frequently  an  intermittent  pulse. 

Tariatioiis  in  th«  rate  of  respiration  may  be  produced  by  intracranial 
disease,  but  are  less  common  than  changes  in  pulse  rate.  A  sud- 
den increase  of  intracranial  pressure,  such  as  occurs  in  hemorrhage 
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or  serous  effii??ioiis  of  considerable  size,  \\i!!  produce  an  irregular  res 
piratioii  consisting  of  rapid  shallow  breathing,  gradually  grfjwing 
slower,  followed  by  an  entire  arrt^st  antl  then  by  a  long  inspiration 
again,  followed  by  rapid  breathing.  This  is  termed  Cheyne-Stokes 
respiration,  and  is  a  sign  of  unfavorable  i»rognostic  import.  A 
permanent  slowing  or  httstening  uf  respiratirjn  hti8  not  been  observed 
in  organic  disease,  but  may  occur  in  hysteria. 

Variations  in  temper&ture  might  be  expected  as  a  frequent  symp- 
tom, since  tlie  regulation  of  IhhIv  temjierature  is  controlled  by  cere- 
bral centres  which  are  located  Ijy  (Jtt  in  the  basal  ganglia.  As  a 
matter  of  fact,  they  rarely  appear  in  cereliral  rhsease  excepting  when 
they  are  due  to  general  constitutional  tlistnrbances.  A  sudden  fall 
of  tem|>t*ratiire  is  observed  after  a  large  cerebral  hemorrhage,  and  is 
succeeded  by  a  gradual  rise  which,  in  occasional  fatal  crises,  attains 
a  very  high  degree.  Sometimes,  after  an  apojilexy  from  any  cause* 
the  temperatm-e  on  tlie  paralyzed  side  Ijecomes  one  or  two  degrees 
higher  than  on  the  other  side.  It  is  very  rare,  however,  for  a  brain 
tumor  to  cause  fever,  no  nuitter  what  its  location  or  the  region  of  the 
brain  tliat  it  irritates  or  destroys. 

Tk©  secretion  of  urine  is  Under  the  control  of  a  nervous  mechanism 
in  the  medulla,  and  local  lesions  in  the  vicinity  of  the  pneumogastric 
nuclei  have  been  known  to  cause  diabetes  insipidus  and  mellitus. 
Some  irritation  of  these  nuclei  may  occur  from  disease  located  else- 
where in  the  cranium.  Thus  an  apoplexy,  no  matter  what  its  cause 
or  location,  is  usually  followed  at  once  by  an  increased  excretion  of 
urine,  and  this  may  contain  albumin  and  sugar  for  a  few  days.  Brain 
tumors  may  also  cause  this  symptom  from  time  to  time  in  their 
course.  Hence  polyuria  or  glycosuria  must  be  regarded  as  general 
rather  tlian  as  local  sympttjms.  They  are  not  infrequent  symptoms 
in  hysteria,  in  which  disease  a  suspension  of  renal  activity  may  also 
occur  as  a  nervous  symptom. 

The  yaaomotor  condition  of  the  body  is  also  regulated  liy  centres 
in  the  medulla  that  any  iliseas*^  at  any  })oint  in  the  l>rain  may 
irritate  or  nuiy  affect.  Hence  a  unilateral  venous  congestion,  with 
relaxation  of  the  vascular  walls,  undue  sweating,  and  local  oedema 
may  attend  cerel>ral  hemorrhage  or  softening.  It  is  also  a  symptom 
of  meningitis  and  occasionally  of  tumor. 

Emaciation.  In  some  diseases  of  tlie  brain  patients  l»ecorne 
rajadly  emaciated.  This  hap|>ens  in  many  forms  of  meningitis, 
esfK'cially  in  the  jiosterior  crania!  fossa,  and  in  disease  of  the  cere- 
bellum. I  have  also  seen  it  hi  tumors  tif  the  corpus  callosum  and 
of  the  front nl  lobes.  It  appears  to  be  irresjiective  of  the  amount  of 
food  or  of  the  digestive  capacity  and  without  relation  to  any  known 
factor.  It  must,  therefore,  be  due  to  some  affection  of  those  nervous 
centres  which  preside  over  the  mechanism  of  metabolism.  Their 
position  in  the  brain  is  unknowTi. 

Local  SymptOinB.  Oonvnlsive  movementa  limited  to  a  portion  of 
the  body  and,  wlien  extending  to  other  parts,  following  a  definite 
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smaller  io  right-handed  persons,  for  each  hemLsphere  controls  the 
movements  of  the  opposite  side  of  the  body. 

Limited  eonvubive  movements  are  termed  cortical  spasms  or  Jack- 
saman  epikpsy\RheT  Hughlings  Jackson,  who  described  them  in  1861* 
Spasmodic  turning  of  the  head  and  eyes,  or  of  the  eyes  alone  to  the 
right,  indicates  irritation  of  the  posterior  part  of  the  second  frontal 
convolution  in  the  left  hemisphere.  Such  movements  to  the  left 
indicate  irritation  in  the  same  area  of  the  right  hemisphere.  The 
head  turns  in  a  series  of  jerks,  and  the  eyes  have  a  conjugate  lateral 
jerky  movement — nystagmus — and  these  go  on  until  the  patient 
looks  over  the  shoulder.  In  Fig.  162  the  situation  of  a  tumor  is 
shown  which  caused  this  form  of  cortical  spasm  as  the  uniform 
commencement  of  Jacksonian  epilepsy. 
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ffitOALton  of  tumor  causing  spAsm  of  beati  and 
ejrflft  to  the  rlgbt ;  iucceufulljr  removed. 


SlttULtlon  Of  tumor  cauMug  §i;>asm  of  rif  ht  tide 
of  fftui*  &Tid  tongue ;  »lso  motor  aphasia. 
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Spasmodic  twitching  of  the  facial  muscles  on  one  side  indicates  an 
irritation  in  the  lower  third  of  the  motor  area  at  the  foot  of  the 
central  convolutions.  Such  t\^dtching  may  begin  in  the  forehead,  or 
in  closure  of  the  eye,  or  in  the  mascles  of  the  nose,  or  about  the 

mouth,  or  in  the  chin,  or  the  cheek  may 
lie  drawn  down  I>y  the  platysma,  or  the 
tongue  may  twitch,  or  spasmodic  noises 
may  be  made  by  a  laryngeal  spasm.  In 
Fig.  160  the  various  sulidi visions  of  the 
facial  area  are  shown,  each  portion  con- 
trolling the  muscles  named.  \\Tierever,  in 
the  area,  the  irritation  begins  it  usually 
spreads  to  the  entire  region,  so  that  the 
entire  side  of  the  face  is  thrown  into  a 
spasm.  The  spasm  is  clonic,  the  rate  of 
movement  being  six  or  eight  contractions 
to  the  second,  and  the  spasms  may  con- 
.^"fl'_?*™^'J**!.^*"  '  tinue  for  several  minutes.     Fig,  153  shows 

the  situation  of  a  tumor  which  caused 
such  localized  convulsions  as  the  uniform 
beginning  of  a  Jacksonian  epilepsy »  and  Fig.  164  shows  a  patient 
in  the  act  of  having  such  a  spasm  of  the  face. 


padeut  tuin»rljig  (torn  JackioDlan 
•pEleptjr. 
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spasms  of  the  face  often  extend  to  the  eyes  and  head,  and  vice 
vermj  a8  the  irritation  spreads  outward  from  either  area  to  the 
adjaeent  one.  This  occurred  in  the  case  sIkiwu  in  Fig.  165,  where 
the  upper  facial  muscles  were  involved  after  the  head  and  eyes  had 
turned  to  the  right. 

Con^ailsive  movements  limited  to  the  upper  extremity  show  an 
irritation  in  the  oiiddle  tliird  of  the  motor  area.  The  spasm  may 
l>egin  ^\ith  a  drawing  upward  of  the  shoulder  and  turning  downward 
of  the  head,  as  in  tlie  ease  shown  in  Fig.  166,  or  by  any  movements 
of  the  arm  at  the  shouKler-joint,  or  by  movements  of  the  elbow  of 
flexion  and  extension,  or  by  mo%*ements  of  the  wnst  and  fingers  and 
thumb.  Or  the  spasm  may  begin  in  tlie  hand  and  ascend  the  arm, 
involving  all  the  mtiscles  in  the  reverse  order  named.  Usually  the 
hand  i.s  closed^  the  WTist  flexed  and  pronated,  the  elbow  flexed^  and 
the  arm  adducted  when  the  spasm  is  at  its  height,  and  the  limb 
trembles  violently  in  the  con^mlsion.    The  flexors  thus  overcome  the 
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Slta&Uoti  of  tutnor  caiudng  oortlcol  ipum 
mnd  motor  ftphaaiA.  Head  and  tyet  luroed  to 
the  right,  then  forehead  and  cheek  were 
drawD  to  the  right. 


Bltuatloii  of  cyst  cauMng  spaam  of  right 
■hoalder,  extendiDg  dowD  tbe  arte  and  to  the 
Angers.    Cynt  removed. 


extensors  in  the  conflict  between  both  in  the  spasm.  Occasionally 
large  movements  at  the  joints  are  made,  and  the  hand  makes  wide 
excursions^  as  in  one  ease  of  mine,  following  a  cortical  hemoiThage, 
where  the  arm  was  Hung  about  like  a  flail.  It  is  important  to  notice 
the  order  of  extension  of  the  spasm  in  the  arm,  as  this  gives  a  clue 
to  the  point  on  the  cortex  where  the  irritation  begins.  The  sub- 
divisions of  the  motor  area  for  the  arm  are  shown  on  Fig.  161.  In 
Fig.  167  the  location  is  shown  of  a  tumor  removed  successfully  from 
the  cortex.  In  this  case  the  patient  suffered  from  many  Jacksonian 
spasms  of  the  upper  extremity  which  always  began  with  a  twitelnng 
of  the  thumi:)  and  first  finger,  then  a  closure  of  the  hand,  and  then 
extended  up  the  arm.  Spasms  beginning  in  the  upper  extremity 
may  extend  to  the  face,  or  to  the  head  and  eyes,  or  to  the  trunk  and 
leg.  Reference  to  Fig,  161  demonstrates  that  t!ns  extension  merely 
indicates  a  radiation  outward  of  the  initial  irritation  to  adjacent 
areas.  And  it  is  evident  that  the  order  of  extension  of  the  spasm 
gives  a  clue  to  the  position  of  the  point  of  initial  irritation.  Thus 
in  the  case  shown  in  Fig.  166  the  spasm  extended  to  the  face  from 
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the  arm.  In  caso  .^howii  in  Fig,  168,  where  the  lesion  was  a  rurtical 
tamor,  the  sjuism  extended  fnioi  the  arm  to  the  lep;  before  it  readied 
the  face.  A\Tien  a  spasm  hrst  affects  the  shoukler;  the  trunk,  and 
head,  and  eyes  are  uaually  thrown  into  convulsi^m  before  the  leg  or 
face.  It  is  evident  from  a  study  of  a  large  numlier  of  such  cases 
of  Jacksonian  epilepsy  that  the  order  of  extengitm  of  the  s^pasm  is 
not  a  matter  of  accident,  but  is  governed  by  the  spread  of  irritation 
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SltoatfoQ  of  tumor  c&using  ipaKm  of  left 
fizifon  ftnd  tbutub,  tben  of  wriit,  elbow,  and 
ilio«lld«r.    Tumor  removed. 


SituHtloQ  or  tumor  oftuilns  epum  of  tbe 
Tighl  Lhumb.  flngerSp  and  arm,  tben  of  Ibot 
and  leg,  3d  ally  of  face.    Tamnr  removed. 


from  one  cortical  re^on  to  the  adjacent  region.  One  has  to  think 
of  such  a  spread  of  irritation  as  resembling  t!ie  little  waves  on  a  lake 
which  extend  from  tlie  place  where  a  stune  strikes  the  surface  in 
coneentrie  but  ever-\\idening  circles, 

ConMLiIsive  motioiLs  limited  to  the  trunk  are  usually  of  tlie  nature 
of  landing  of  the  body  towartl  one  siile  with  a  drawing  up  of  the 
thigh.     They  are  not  often  observed  alone,  i)itt  commonly  occur  as 
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Sltuatloti  of  tumor  causing  vpum  beglnnlAg 
In  tbe  left  thigh,  exteudlug  to  the  body,  wLrm, 
aod  ffioe.   Romovnl  lmpo§aibl«. 


SHuftUon  of  mealnge«l  thfckeujug  nud  ad' 
hcfilon  after  trauma,  cauiinir  •paim  of  l«g, 
beginning  tti  knee,  and  eitendjn^  to  foot  mod 
hip. 

the  spasm  extends  from  the  shoulder  to  the  leg  or  from  the  leg  to 
the  shoulder. 

0"»nvulsive  motions  limited  to  the  hiwer  extremity  may  begin  in 
the  thigh,  as  in  tlie  case  shown  in  Fig.  169,  and  extend  down  the 
leg,  finally  invoKHng  the  foot  and  toes,  or  they  may  l3egin  with  a 
tv^itching  of  the  tiies  which  e.xt^nds  to  the  ankle  and  knet%  and 
finally  to  the  hip,  as  in  the  case  shown  in  Fig,  170,     The  lower  ex- 
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tremity  is  usually  extended  in  a  JacksoniaTi  attack,  is  held  rigid, and 
trembles,  the  extensors  ijvercoiniii^  the  flexors  in  their  action.  When 
aspafsm  begins  in  the  leg  it  extends  to  the  arm  or  trinik  l>efore  it 
reachf^  the  face,  and  usnully  involves  the  head  and  eyes  before 
it  affects  the  lower  faeiiil  nni^eles  or  the  tongue. 

Local  spai>ms  are  always  attended  by  a  seimation  of  tingling  in  the 
part  tliat  18  convulsed,  Sometimes  the  tingling  sensation  {irecedes 
the  actual  movement  by  8ome  sec{)nds  or  even  minutes.  Tills  ting- 
ling has  been  named  by  Seguiri  the  signal  of  an  attack.  It  is  an 
interesting  fact  that  if  a  strf)ng  irritation  of  the  skin  is  made  in  or  near 
to  where  the  tingling  is  felt  as  s«»on  as  the  tingling  !)egins,  the  spasm 
niay  be  averted.  Thus  I  ha%'e  a  patient  who  wears  a  strap  about  liis 
wrist  and  who  pulls  it  tight  as  soon  as  he  feels  a  tingling  in  his  fingers, 
in  tliis  manner  preventing  the  occurrence  of  a  Jacksonian  st^asm  of 
the  hand  and  arm,  that  is  sure  to  follow  when  he  omits  the  constric- 
tion of  the  wrist.  Such  a  tingling  .'sensation  is  more  commonly  felt 
in  the  fingers  and  hand,  in  the  toes  and  foot,  or  in  tlie  face  than  it 
is  up<in  the  trunk  or  liigh  up  on  the  linjht?,  proliably  because  the 
sensibility  of  these  parts  is  morf*  liighly  evolved  and  keener  tlian  in 
the  others.  Or,  to  state  it  differently,  the  sensations  in  the  peri|>hery 
of  the  limbs  are  more  accurately  localize*!  and  rejiresented  in  the 
cortex.  The  cjccurrence  of  these  sensations  with  the  local  spasm  is 
an  argument  for  the  coincidence  of  sensory  and  motor  functions  in 
tlie  cortex. 

Local  spasms  are  always  followetl  l>y  a  condition  of  voluntary 
weakness  which  may  amount  to  an  actual  flaccid  paralysis  in  the 
muscles  which  have  been  convulseih  These  muscles  cannot  be 
moved  for  .some  minutes  or  even  hours,  but,  finally,  unless  the  orig- 
inal lesion  is  a  destructive  iHie,  ]Kiwer  returns.  The  paralysis  lasts 
longer  in  the  muscles  in  which  the  spasm  begins  than  in  the  others. 
Hence  the  subsidence  of  the  paralysis  presents  an  order  of  succession 
in  the  limbs  whicli  is  just  the  revei*se  of  the  order  of  invasion  in  the 
spasm.  Thus  in  the  case  shown  in  Fig.  16S  the  patient  was  quite 
hemiplegic  for  an  hour  after  each  attack,  then  the  leg  began  to 
recover,  then  tiie  face,  then  the  upjier  arm,  and  finally  the  power 
retinned  in  the  hand  and  fingers,  Wlien,  in  the  growth  of  the  tumor, 
however,  she  began  to  b(^  [jernnuu^ntly  [>aralyzt*d,  the  jjaralysis  ex- 
tended  in  the  reverse  order,  following  the  order  of  extension  of  the 
spasm.  Thus  the  order  of  extension  of  a  spasm  and  of  a  permanent 
paralysis  is  just  reversed  in  the  order  of  recovery  in  a  temporary 
paralysis.  The  tunior  was  removed  two  years  ago,  and  she  is  now 
perfectly  well. 

All  these  facts  are  of  great  importance  as  an  indication  of  the 
extent  and  location  of  small  cortical  lesions  in  the  brain,  and  are 
the  main  guides  to  the  surgeon  in  trephining. 

Ijocal  spasms  do  not  invarialily  indicate  a  primary  lesion  in  and 
a  direct  irritation  of  the  motor  regiun.  Such  irritation  may  be 
indirect;  that  is  to  say,  an  irritation  may  start  from  a  point  on  the 
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cortex  outside  the  motor  area  and,  as  it  extends,  finnlly  reach  that 
area,  and  then  set  u])  a  spasm.  The  si:)asm  will  be^n  in  tlie  limb 
the  motor  area  of  which  is  the  part  reached  by  the  irritation,  and  then 
if  the  spasm  extends  it  may  follow  the  regular  order.  Sometimes  an 
irritation  starting  in  the  occipital  or  parietal  region  and  extending 
forward  reaches  the  motor  area  of  the  fingers  and  toes  simultaneously. 
Then  the  spajsm  will  begin  in  tlie  hand  and  foot  together,  extending 
up  both  limbs  at  once.  This  niaVt  therefore,  be  a  elioieal  fact  of 
importance  in  shoii^ing  that  the  lesion  lies  outside  the  motor  zone. 
Thus  in  Fig.  1G7  the  location  of  a  tumor  is  shown  which  caused 
Jacksonian  attacks  which  sometimes  began  in  the  toes,  sometime  in 
the  fingers,  and  always  involved  both  extn*mities  in  part  before  either 
was  entirely  convulsed.  In  such  cases  other  sensory  or  aphasie,  men- 
tal symptoms  may  precede  the  attack.  Much  care  must,  therefore, 
bt'  taken  in  watching  the  exact  characteristics  of  Jacksonian  epilepsy. 
Another  fact  of  interest  is  that  the  movements  and  spasms 
due  to  a  cortical  irritation  always  resemble  voluntary  movementa. 
Jackson  says:  **  The  convulsion  is  a  brutal  development  of  a 
man's  own  movements.  A  severe  fit  is  nothing  more  than  a  sud- 
den excessive  and  temporary  contention  of  many  of  the  patient's 
familiar  motions,  such  as  winking,  articulating,  singing,  manip- 
ulating," etc.  They  are  never  contractions  of  single  muscles  or 
of  groups  of  muscles  wiiich  may  have  a  nerve  supply  from  one 
nerve  alone,  or  wliich  may  have  a  relation  in  their  spinal  represen- 
tation. Thus  cortical  spasms  can  always  be  ilifferentiated  from 
spasms  due  to  ii-ritation  oi  a  nerve  trunk  or  of  a  spinal  nerve  root, 
or  of  the  motor  meclianism  of  the  spinal  cord.  They  are  not  like 
reflex  acts.  The  cortical  movements  can  always  be  voluntarily 
imitated.  They  are  always  apparently  for  a  purpose  and  show  a 
certain  amount  of  co-ordination  antl  adaptation  to  an  end.  Cortical 
acts  have  always  been  acquired  by  a  {>rocess  of  education  which  can 
be  seen  in  progress  by  watching  an  infant.  The  act,  when  finally 
learned  after  many  attempts  and  repetititms,  leavers  a  memory  which 
has,  38  a  physical  basis,  an  organizeil  and  inter-related  group  of  cells 
in  the  cortex.  Irritate  this  group,  and  the  act  is  performed.  Thus 
cortical  movements  may  be  started  by  electrical  applications  through 
needles  to  the  cortex,  and  in  surgical  operations  for  Jacksonian 
epilepsy  it  is  well  to  explore  the  cortex  with  a  faradic  current,  to 
elicit  movements  until  those  are  produced  which  exactly  resemble 
the  sp4ism  of  ttie  disease,  and  then  to  extirpate  the  area  whose  exact 
function  is  thus  estabhshed.  The  localized  spasms  of  cortical  disease 
are  rarely,  if  ever,  successfully  imitated  either  by  malingerers  or  by 
hysterics.  A  hemispasm  sometimes  occiu^s  in  hysteria,  but  it  usually 
begins  in  both  limbs  at  once,  and  if  it  extends  from  one  Hmb  to  the 
other,  or  if  it  extends  along  a  single  limb,  it  rarely  preserves  the  exact 
order  of  extension  so  uniformly  observed  in  local  lesioas.  Hence  it 
is  not  difficult  to  distinguish  cortical  epilepsy  from  hysterical  attacks 
of  a  convulsive  nature. 
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Localized  convulsions  do  not  induce  a  lo.<s  of  eonscioiLsness. 
Localized  convukions  may  extenti  from  one  part  to  ani^ther  until 
the  entire  side  is  in  a  state  of  spasm*  They  may  then  extend  to 
the  other  side  of  the  body,  Betting  up  general  convulsions,  which 
may  be  accompanied  by  loss  of  consciousness.  T\Tiethe!%  in  such 
cases,  the  irritatiou  is  conveyed  to  a  convulsive  centre  in  the  poiis 
Varolii  or  to  the  motor  cortex  of  the  opposite  hemisphere  by  way 
of  the  commissural  fibres  is  not  yet  determined. 

Irritation  in  the  cortex  does  not  necessarily  lead  to  convulsions. 
The  Jacksonian  attack  may  be  exclusively  sensory,  leading  to  hallu- 
cinations, or  when  in  the  speech  areas,  leading  to  temporary  attacks 
of  aphasia,  or  to  mental  states  of  disturbance  of  coasciousness,  or  of 
the  mil,  or  of  the  memory.  But  any  of  ttiese  forms  of  attack  may 
go  on  to  a  localized  spasm,  and  a  localised  sjiasm  may  in  its  turn 
produce  subsequently  one  of  these  peculiar  states.  Tliey  will  be 
more  fully  considered  when  sensory  and  aphasic  symptoms  are  dis- 
cussed. 

Paralysis  from  Cortical  Diseas«,  Paralysis  IS  a  symptom  of  local 
lesion  in  the  motor  area  of  the  brain  or  in  the  tract  from  it  to  the 
spinal  cord.  This  paralysis  is  one  of  voluntary  motion,  the  reflex  and 
automatic  act«  presided  over  by  the  spinal  and  subcortical  basal  cen- 
tres being  in  no  way  interfered  with.  The  character  of  the  paralysis 
depends  largely  upon  the  location  of  the  disease  and  upon  its  extent. 


Fio.  171, 


SltUAiion  of  foctu  or  bemoiTtiaglo  encepbmUtls,  cAUsIng  pamlysU  of  the  tonpie  and  llpii.  (Dttiift.} 

Paralysis  of  motion  of  the  face,  arm,  or  leg,  of  the  head  and 
eyes,  or  trunk,  may  be  due  tu  cortical  disease  when  the  motor  area 
controlling  their  movementvS  is  affected.  From  the  extent  of  the 
paralysis  it  is  possible  to  arrive  at  a  conclusion  regarding  the  extent 
of  the  lesion  in  the  cortex.  Lesions  of  the  cortex,  as  a  rule,  are  not 
very  extensive.  Thus  cortical  hemorrhages  are  rarely  very  large, 
softened  areas  from  embolism  or  thrombosis  in  the  cortex  are  limited 
as  the  collateral  circulation  is  good;  an  abscess  or  a  tumor  in  the 
cortex  is  at  first  small.  Therefore,  as  a  rule,  from  cortical  disease 
we  get  a  paralysis  of  limitecl  extent,  the  face  alone,  or  arm  alone,  or 
these  together  being  paralyzed;  or  the  leg  alone,  or  arm  and  leg 
together  being  affected-  This  is  termed  monoplegia  or  associated 
monoplegiae.     Since  each  hemisphere  of  the  I  jrain  controls  the  oppo- 


428     THE  DIAGNOSIS  AND  LOCATION  OF  BRAIN  DISEASES, 


site  side  of  the  body  chiefly,  ttie  paralysis  from  a  lesion  iu  one  henii- 
spliere  is  limited  to  the  opposite  side  of  the  Iwdy.  Paralysis  of  one 
side  is  termed  hemiplegia.  In  eases  where  both  hemisjiheres  are 
involved  we  liiay  have  double  heniii>legia  or  ihplegia;  but  this  is  a 
rare  {■oiidition.  .\s  a  matter  of  faet^  eaeh  hemispht^re  is  connected 
by  the  motor  tract  witli  both  halves  of  the  spinal  eord»  as  we  shall 
presently  see,  and  therefore  in  every  case  of  hemiplegia  the  unpar* 
alyzed  side  is  really  a  little  weaker  than  before  the  attack.  There  are 
rare  cases  wIktc  tlie  heinijjlegiii  has  been  on  the  side  of  the  lesion. 
Tht^se  are,  however,  explained  by  an  alisence  of  a  decussation  of  the 
motor  tracts  in  their  course.  But  the  separation  of  vari^>us  motor 
area*s  from  one  another  in  the  cortex,  and  the  usual  limit atioiLs  of 
lesions  to  small  regions  in  the  cortex,  makes  hemiplegia  from  cortical 
disease  rare.     The  usual  result  of  a  cortical  lesion  is  a  monoiilegia. 

The  OharacteriBtics  of  Voluntary  Action.  The  paralysis,  as  ah*eady 
stated,  is  one  of  voluntary  motion  that  has  been  ac(|iured  by  prac- 
tice. If  we  study  voluntary  acts  as  they  are  performed  we  find  that 
eaeh  act  involves  a  succession  of  movements  by  different  joints,  each 
movement  Ix'ing  produced  by  the  contraction  of  a  nundjer  of  different 
nuLscles.  The  act  of  lifting  a  feather  or  a  hea\y  weight  involves  the 
same  muscles,  Init  there  is  a  great  difference  in  the  order,  sequence, 
and  relative  f(irce  expended  in  tlie  tw<>  acts.  In  both  tlie  entire 
muscular  system  of  the  arm  is  called  into  i)iay,but  in  each  there  are 
some  muscles  whose  acti<ui  is  greater  in  degree  an<l  i>reeedent  in  time 
than  in  the  other.  Th<*  motor  centres  of  the  cortex  govern  acts 
rather  than  muscles.  It  is  the  act  of  grasping,  of  lifting,  of  o|>en- 
ing  the  hand,  of  pointing,  etc.,  that  is  ]>roduced  Ijy  cortical  activity 
rather  than  mere  contraction  of  flexors  and  extensors  of  the  fingers. 
Now  any  such  act  involves  the  co-ordinated  movement  of  many 
muscles  for  its  firodyction.  We  must  tliink,  therefore,  of  the  motor 
area  of  the  hand,  for  example,  as  containing  an  enormous  number 
of  centres  of  action  arranged  in  gr(ui|)s,  so  that  it  cannot  be  di\'ided 
by  sharp  lines  into  flexor  and  extensor  centres,  since  flexor  and  exten- 
sor action  occnr  simultaneously  in  many  acts.  If  the  motor  area 
be  divided  at  all  it  nmst  be  into  regions  for  various  acts,  each  having 
its  predominant  feature.  Hence  in  syi>dividing  the  arm  area  into 
regions  for  shoulder,  elbow,  wrist,  anil  hngers  it  L^  intended  to  sepa- 
rate actions  whose  special  feature  is  the  movement  of  the  joint 
named.  In  each  division  all  the  joints  may  be  re|>resented  in  part, 
but  in  different  degrees.  Thus  tlie  lifting  of  the  arm  above  the  head 
is  primarily  a  shoulder  movement,  but  involves  some  action  in  all  the 
other  joints,  since  the  foretirni  and  fingers  fio  not  hang  limp.  And 
a  firm  grasp,  though  primarily  a  flexor  action  of  the  fingers,  involves 
some  act  i»f  su|j|>ort  by  all  the  nmscles  of  the  arm.  lo  the  case 
shoBTi  in  Fig,  1H(>  the  shoulder  motions  wTre  more  defective  tlian 
those  of  the  Innub  In  the  ea.se  shown  in  Fig.  168  the  hand  motions 
were  impossible  and  the  shoulder  was  only  partially  ftaralyzed. 

As  the  pianist,  by  striking  the  keys  in  difTerent  coml)ination,  pro- 


duces  an  unniunhfTed  VMriety  of  harmonif's  from  a  small  number  of 
strings,  so  the  cortex,  Ijy  exciting  tlie  spinal  neuroiies,  and  through 
them  the  muscles,  attains  a  countless  variety  of  movements.  The 
vibration  of  a  single  string  gives  sound  but  no  music,  and  the  con- 
traction of  a  single  muscle  gives  motion  but  no  act.  The  loss  of  a 
single  string  causes  discord,  but  tloes  not  stop  the  sounds,  foi*  other 
strings  still  vil>rate.  The  paralysis  of  a  muscle  im})airs  motion,  but 
does  not  stop  the  act.  The  strings  lie  silent  unless  the  keys  are 
struck.  The  muscles  are  not  called  into  action  unless  a  cortical 
impulse  reaches  them.  Thus  we  must  regard  the  cortical  motor 
centres  as  different  in  their  action  from  the  spinal  motor  neuronc^s. 
They  are  the  storeViouscs  of  memories  of  movements,  and  are  capable 
of  reproducing  these  movements  wliieh  they  have  acquired.  Skill 
in  any  complex  act,  like  that  of  the  musician,  is  only  gained  by 
numberless  re]>etitions.  \A'atch  the  j>rocess  of  learning  to  talk  or  to 
^Tite  in  a  child,  and  it  will  be  evident  that  countless  futile  attempts 
precede  success.  Such  attempts  are  really  simultaneous  acts  in 
many  centres,  causing  ineo-ordinated  movements,  but  Ultle  by  little 
one  is  subordinated  to  another  in  vigor,  and  one  is  made  to  precede 
another  in  time  until  an  order  is  reatdied  and  an  accuracy  is  attainefl, 
and  this  by  rejietititni  becomf»s  a  fixed  combinatioiv,  as  easy  for  the 
cortex  as  is  the  motion  jirodueing  the  harmony  for  the  [lianist.  That 
the  simplest  acts  are  first  acquired  is  to  be  expected,  but  there  is  no 
limit  to  the  skill  ]>i)ssihle  and  no  limit  to  the  variety  of  cf)mplex 
movements  which  may  be  learned  Every  artisan,  every  nuisician, 
every  dancer,  hiis  a  peculiar  intlividual  store  of  motor  memories. 
Some  indi\dduals  possess  a  greater  variety  of  them  than  others. 
Hence  the  motor  ^one  on  the  cortex  is  of  ditTerent  extent  in  different 
persons,  each  newly  acquired  set  of  movena'nts  increasiTig  its  area. 

The  Motor  Oentres  of  Speech.  There  are  some  highly  complex  motor 
acts  wliich  seem  to  have  a  s{>ecial  region  iLssigned  to  them.  The  act 
of  speeeli  and  the  act  of  writing  are  such,  and  these  are  located  in 
the  posterior  ]>art  of  the  third  and  second  frontal  coiivolutioiis, 
respectively.  The  power  to  speak  and  to  write  are  lost  when  these 
regions  are  destroyed  by  disease.  Yet  such  a  destruction  does  not 
necessarily  involve  a  paralysis  of  the  muscles  which  carry  out  these 
acts;  it  tloes  not  even  suspend  the  voluntary  movements  in  these 
muscles,  which  can  be  well  perfoniied^  but  not  in  the  combination 
needed  to  prduce  si)eech  or  WTiting, 

The  loss  of  the  power  of  speech  is  termed  aphasia.  There  are  two 
types  of  aphasia,  which  are  recognized  as  motor  and  sensory.  In 
motor  aphasia  the  act  of  talking  or  writing  is  lost.  In  sensory 
aphasia  the  unilerstanding  of  worrls  heard  f>r  seen  is  lost.  The  centres 
which  preside  over  the  emission  of  language  are  highly  complex 
motor  centres  which  appear  to  utilize  tlie  secondary  motor  centres 
in  the  facial  area,  setting  them  to  work  in  varying  combinations. 
WTien  the  facial  centres  are  paralyzed  attempts  at  speech  may  fml 
from  imperfect  pronunciation  or  articulation.     This  is  termed  anar- 


430     THE  DIAGNOSIS  AND  LOCATION  OF  BEAIN  DISEASES, 


thria,  and  is  attended  by  paralysis  of  the  tongue  and  lips,  as  in  the 
case  of  Dana,  shown  in  Fig.  171.  WTien  the  motor  speech  centres 
are  paralyzed  no  attempt  can  be  initiated,  and  lience  words  cannot 
be  produced  either  by  voice  or  hand.  In  Fig.  172  a  tiumber  of  cases 
are  shown  where  the  lesion  caused  motor  aphasia.  The  state  of 
motor  aphasia  is  not  attended  by  any  loss  of  comprehension  of  lan- 
guage. The  understanding  is  good,  and  the  patient  kno\\i5  what  he 
wants  to  say  but  cannot  find  the  words.  Nor  can  he  repeat  words 
after  another.  The  motor  combination  appears  to  be  lost.  The  con- 
dition may  be  general  or  partial.  Some  words  may  be  said  while 
others  cannot^  and  sometimes  words  are  possible,  but  their  combina- 
tion in  sentences  is  imix)ssibte.    Writing  is  usually  lost  with  sjjeech. 
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Here,  then,  is  another  proof  that  the  cortical  motor  acts  are  not 
simple  muscular  motions,  but  are  highly  complex  combinations.  It 
is  as  if  an  electric  key  by  one  pressure  started  a  whole  mass  of 
machinery  whose  different  parts  were  independent  and  wholly  unlike 
in  their  acti\ities. 

The  paralysis  from  cortical  disease  is  therefore  a  suspension  of  the 
power  of  highly  complex  actions,  and  when  it  is  due  to  a  destruction 
of  the  cortical  centres  it  is  attended  by  a  loss  of  the  memories  of 
effort  essential  to  those  acts. 

P&r&lysia  from  Subcortical  Diiease*  Paralysis  may  also  be  due  to 
an  interruption  in  the  tract  which  conveys  these  cortical  impulses 
to  the  motor  centres  in  the  base  of  the  brain  and  spinal  cord.  This 
tract  is  called  the  motor  tract.    Its  course  is  shown  in  Fig,  173. 


432     ^^^^  DfAaXOSIS  AND  LOCATION  OF  BRAIN  DISEASES. 


thirrl  of  the  eras  corebri.  Its  fibres  iriilher  together  at  the  middle 
portion  of  the  upper  surface  of  the  internal  capsule ;  those  from  the 
lower  |»urts  of  the  cortex  passing  straight  inward,  those  froDi  the 
upjjer  parts  fnirving  outward  and  downwanl  to  \n\ss  around  the  side 
of  the  lateral  ventricle.  Thus,  within  the  centrum  ovale  these  fibres, 
if  looked  at  from  in  front,  appear  hke  the  stieks  of  a  fan,  and,  like 
those  sticks^  their  relative  position  is  altered  in  the  point  of  junction^ 
where  those  passing  inward  from  the  lowest  part  of  the  cortex  lie  in 
front  of  those  tlnit  i^a^^s  downwiird  from  its  upper  part.  Thus  in 
the  capsule  the  order  from  before  backward  is,  first,  tlie  fil>res  con- 
veying speech  impulses  to  the  pons  and  medulla:  second,  the  fibres 
conve}dng  facial-motor  impulses  to  the  fjons ;  thirds  the  fibres  destined 
to  the  arm  ceiitres  of  the  cord :  fonrtli,  the  fibres  transmitting  impulses 
to  the  leg  centres  in  the  cord.  The  fibres  conveying  imjailses  to  the 
muscles  of  the  trunk  probably  lie  behind  those  to  the  leg.  Plate 
XVI II,  shows  the  relative  positions  of  tht^se  fibres  in  the  internal 
capsule. 

From  the  anterior  half  of  the  jKisteriur  division  of  the  capsule  this 
tract  passes  through  the  middle  third  of  each  cms  (where  the  fibres 
controlling  the  movements  of  the  eyes  are  given  off),  through  the 
pons  (Fig.  174)  (where  the  division  to  the  facial  nucleus  crosses  to 
the  opposite  side  and  ends),  and  thence  by  way  of  the  pyramicts  of 
the  na^dulla  t€  the  crossed  jjyramidal  and  direct  anterior  median 
columns  of  the  spinal  cord.  It  is  evident,  however,  that  the  cou- 
centration  of  this  tract  is  much  gi'eater  in  the  eai>8ule  than  in  the 
centrum  ovale,  where  the  individual  fibres  are  scattered  among  the 
other  systems  and  occupy  but  a  small  area  from  before  backward. 

The  character  of  paralysis  occumng  from  lesions  in  this  tract  is 
also  shown  in  Fig.  174.  Fom^  lesions  are  there  shown :  one  in  the  cen- 
trum ovale  near  the  cortex^  one  in  the  internal  capsule,  one  in  the  crus, 
and  one  in  the  pons.  It  is  evident  that  the  lesion  in  the  centrum  ovale 
affects  one  set  of  fibres  only,  those  from  the  arm  centre,  and  ]>nMiuces, 
therefore,  a  monoplegia  only,  A  lesion  of  the  centrum  ovale  would 
have  to  be  very  extensive  to  involve  the  fibres  from  the  face,  arm^ 
and  leg  centres  together.  But  a  small  lesion  in  the  internal  capsule 
cuts  all  these  fibres  where  they  pass  in  a  condensed  tract,  arnl  hence 
produces  a  hemiplegia,  face,  arm,  and  leg  being  all  paralyzed  on  the 
opposite  side.  It  is  very  rare  to  get  a  inonojjlegia  from  a  lesion  in 
the  capsule.  Any  clot  larger  than  the  size  of  a  pea  destroys  the 
entire  intitor  tract  here.  The  vast  majority  of  cases  of  hemiplegia 
are  due  to  a  lesion  of  the  internal  capsule.  And  the  figure  shows 
that  it  is  only  in  their  piissfige  through  the  capsule,  the  crus,  and  the 
upper  part  of  the  pons  that  these  fibres  can  be  affected  together  by 
a  single  small  lesion. 

A  lesion  in  the  crus  cerebri  causes  hemiplegia;  but  since  the  optic 
tract  crosses  the  crus, and  the  third  nerve  to  the  ocular  muscles  comes 
out  from  its  inner  surface  it  is  hardly  possible  for  both  of  these  nerves 
to  (*scai>e  in  a  lesion  at  this  point.     Henjiplegia  associated  with 
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Horizontal  Section  through  the  Right  Hemisphere. 
(After  von  Monakow, ) 

The  important  jmns  of  the  internal  capsule  are  colored  red.  B,  Km,  knee  of  corpus  callcisum ;  ^k^ 
anterioT  horn  of  lateral  ventricle  .  A*,,,  inferior  part  of  third  frontal  convolutioii :  /,  ttrit,  lentlcuto- 
stHiite  division  of  internal  capsule;  Knif.  ic,  knee  of  internal  capsule:  l.a^iii,  lenticiilo-optic  division  of 
internal  capsule;  Tk,  optic  thalamus;/,  inland  of  Reil :  ci,  clau-strum ;  O^erc,  c^perculiini  ;  Tu  first 
temporal  convolution  ;  r,  /*l.  rctroleiiticular  region  of  taternal  capsule  ;  €,  A  ,  ammoD'8  horn  j  cate,  cal- 
caHoe  fisisure ;  Hh.  posterior  horn  of  lateral  ventricle;  SS^  optic  radiation  of  Orattolet;  T»,  second 
temporal  convolution  ;  Facialis.  p<j«iition  in  capsule  of  naotor  Iract  to  the  face;  Nypt^Uxxut,  position  of 
tract  to  the  tongue  ;  Arm,  position  of  tract  to  the  arm  ;  Btin,  position  of  tract  to  the  leg  ;  S.  B.,  sensory 
fibres  ;  5,  visual  tract ;  A^  auditory  tract. 
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oculomotor  ]>t\hy  \\ith  or  without  heniiaiHijvsia  is  ehanioteristic  of  a 
lesion  of  the  ems.  It  luis  been  tertned  Weber's  syinlroirie.  The  eye 
affected  Ls,  of  euurse,  the  oiio  on  the  side  of  the  lesion,  and  hence  on 
the  side  opposite  to  the  paralysis  of  the  face,  arm,  and  leg.  It  is 
turned  outward,  cannot  be  moved  upward,  downward,  or  inward, 
and  its  pupil  is  dilated.  Ptosis  is  prest^tit,  that  is,  the  upper  Hd  falls, 
and  the  eye  is  closed  by  paralysis  of  tlie  levator  jml{»el>ra\ 

Heoiiplegia  may  be  due  to  a  lesion  in  the  upper  jiart  of  the  pons, 
but  when  the  lower  part  of  the  pons  is  affected  the  face  escapes  on 
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SCb^me  of  iht  motor  tract  to  show  the  etieci  of  ibe  Ie«ioQi  &t  different  poeitlaoi.  1.  Oortlcal  or 
ftuboortlcal  iesion.  causing  monoplegia  «r  lea  arm,  2.  CapsiilftT  Itniott.  <iaugiiig  lea  beralpl«gla. 
8.  eras  toilofi,  caiising  lea  UemlpleR^tu  nnd  rEghi  third  nerve  palsy,  4.  fons  lesloQ,  ciiiiiing^  ftltem- 
ttiDg  pamlfsli  or  right  face  and  lefl  arm  and  leg.  S.  Sylvian  tustire.  O.T.  Optic  thalamiia.  NX, 
LtfnUcular  nucleus.    C.  Crui.    N.C.  CaQdate  nucleus.    VU.  Facial  fienre.    M.  Medulla, 

the  side  on  which  the  limbs  are  paralyzed.  This  is  because  of  the 
decussatioD  of  the  tract  to  the  facial  nucleus  which  enters  the  raphe 
in  the  pons  and  crosses  to  the  other  side.  But  such  a  lesion  inter- 
rupts the  course  of  the  tract  to  tlie  facial  nucleus  on  the  side  of  the 
lesion.  Hence  from  lower  pons  lesions  we  get  aUernaling  paralysis; 
that  is,  a  paralysis  of  the  face  on  the  side  of  the  lesion  and  of  the 
arm  and  leg  on  the  opposite  si^le.  If  the  tract  to  the  facial  nucleus 
is  affected  the  eye  can  be  closed.  If  the  nucleos  itself  is  destroyed 
the  eye  cannot  he  closed.  This  form  of  paralysis  cannot  be  caused 
bv  a  lesion  elsewhere 
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The  motor  tract  to  the  hypoglossal  nucleus  which  governs  the 
tongue  pursues  a  course  analogous  to  that  of  the  facial  nucleus,  but 
crosses  the  middle  line  at  th*^  ujjper  part  of  the  medulla.  A  condition 
of  paralysis  of  ouc-haif  of  the  tongue  and  of  the  arm  and  leg  on  the 
opposite  side  is  produced  by  a  lesion  in  the  medulla;  such  lesiom 
are  rare. 

The  decussation  of  the  motor  tract  takes  place  in  the  pyrajuids  of 
the  medulla.  It  is  incomplete,  some  fibres  crossing  to  the  lateral 
tract  of  the  cord,  others  going  down  in  the  anterior  median  column 
of  the  same  side.  The  degree  of  the  decussation  varies  in  different 
persoiLS.  In  some  it  is  almost  total,  in  others  it  is  partial.  In  some 
it  is  irregular,  many  fibres  crossing  on  luie  side  and  few  on  the  other, 
Thus  Fig.  'Ah  shows  a  marked  asymmetry  in  the  lateral  tracta  and 
anterior  median  columns  due  to  such  irregular  decussation,  Flechsig 
has  remarked  this  difference  in  foetal  cords,  and  has  even  found  one 
case  in  sixty  in  which  no  decussation  occio's  at  all.  This  variabilit 
in  the  anattjmy  of  the  motor  tract  explains  the  different  degree 
paralysis  in  different  cases  of  hemiplegia ,  In  some  cases  the  paralj'sifi 
is  very  complete  on  one  side  and  hardly  perceptible  on  the  other. 
In  other  cases  tliere  is  distinct  weakness  on  the  side  opposite  to  the 
hemiplegia.  A  few  rare  cases  have  bei*n  reported  by  Brown-Sequar^ 
in  which  the  hemiplegia  w^as  on  the  side  of  the  lesion,  and  in  the 
we  may  assume  that  there  was  no  decussation  of  the  motor  tract 
A  lesion  of  the  medulla  may  affect  both  tracts  at  their  decussation,^ 
and  hence  cause  paralysis  of  all  four  limbs.     This,  again,  is  very  rare. 

The  motor  tract  in  the  spinal  cord  in  the  lateral  column  may  be 
affected  in  the  disease  lateral  sclerosis  which  has  been  alread}^  studied. 
A  unilateral  affection  of  the  tract  in  the  spinal  cord  is  not  common. 
hence  a  hemiplegia  from  spinal  lesion  is  extremely  rare. 

These  types  of  hemiplegia  occur  from  every  kind  of  brain  disease. 
The  alternating  form  is  intlicative  of  a  lesion  on  the  base  either  within 
or  outside  of  the  brain  axis. 

Disturb ance  in  the  BenHo  of  touch  is  a  local  symptom  of  disease  in 
the  brain.  There  is  some  discussion  as  to  the  area  of  the  cortex 
which  receives  these  sensations  and  as  to  the  course  of  the  tract 
which  brings  them  in. 

The  probable  localization  of  the  sensory  centres  is  in  the  posterior 
centra!  convolution  and  in  the  adjacent  portions  of  the  cortex  of  the 
parietal  lobules.  Lesions  in  this  locality  usually  cause  a  loss  of  tac- 
tOe  sense  in  the  opposite  side  of  the  body.  The  sensory  area  can  be 
divided,  like  the  motor  area,  into  subdi\dsions  for  face,  arm,  and 
leg,  which  lie  respectively  in  the  lower,  middle,  and  upper  thirds  of 
this  region.  A  collection  of  cases  of  local  cortical  disease  made  b}' 
me  in  1884  led  to  this  conclusion.  Dana  subsequently  collected 
other  cases  M^hich  supported  it,  and  Nothmigel,  Charcot,  Gallet,  and 
von  Monakow^  accept  this  localization. 

Some  authorities  have  held  that  tlie  sensory  and  motor  ar»  i- 
exactly  coincide.     Dejerine,  Flechsig,  Henschen,  Jlott,  and  Schau  r 
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urge  this  view.  But  my  cases  prove  that  lesions  in  the  motor  area 
in  front  of  the  fissure  of  Rolando  rarely  cause  loss  of  tactile  sense, 
while  lesions  behind  it  usually  produce  anaesthesia. 

Another  theory  of  the  localization  of  sensory  centres,  held  by 
Feirier  and  Mills,  places  them  in  the  hippocampal  region.  This  has 
been  founded  on  physiological  experiment,  but  is  not  confirmed 
by  pathological  records  in  man,  and  those  who  hold  it  have  not 
attempted  any  subdivision  of  this  area  for  the  different  limbs.  I 
think  it  may  be  discarded,  for  in  many  cases  of  operation  upon 
the  cortex  in  living  persons  for  the  relief  of  epilepsy  and  for  the 
removal  of  tumors  I  have  seen  small  lesions  of  the  cortex  of  the 
convexity  near  the  motor  area  cause  a  loss  of  sensation,  sometimes 
temporary,  sometimes  permanent. 

This  loss  of  sensation  is  usually  limited  to  one  side  of  the  face  or 
to  one  limb  in  cases  of  cortical  disease  for  the  same  reason  that 
paralysis  in  cortical  disease  is  more  conmionly  of  the  monoplegic  than 
of  the  hemiplegic  variety.  A  loss  of  sensation  in  the  entire  side  of  the 
body,  termed  hemiansesthesia,  is  more  conmionly  caused  by  a  lesion 
of  the  sensory  tract  within  the  brain  than  from  disease  of  the  cortex. 

Irritation  of  the  cortical  centres  for  touch  causes  a  sensation  of 
tingUng  in  the  part  of  the  body  which  corresponds  to  the  centre 
affected.  This  is  termed  paraesthesia.  It  has  been  already  alluded 
to  as  a  frequent  warning  and  as  a  constant  accompaniment  of  Jack- 
sonian  epilepsy,  under  which  circumstances  it  is  a  temporary  symp- 
tom. It  is  frequently  observed  as  the  result  of  slight  distm-bances 
of  circulation  in  the  cortex,  and  hence  is  a  prodrome  of  apoplexy. 
It  occurs  as  a  permanent  symptom  in  cases  of  pressure  on  the  cortex, 
and  hence  is  found  in  cases  of  cortical  clot  and  of  cortical  tiunor. 
The  tingUng,  when  temporary,  is  often  followed  by  a  slight  temporary 
anaesthesia,  and  when  permanent  is  always  attended  by  a  slight  tactile 
anaesthesia. 

Disturbance  of  the  sense  of  touch  includes  both  superficial  sensa- 
tions of  touch,  temperature,  and  pain,  and  deep  sensations  of  articular 
and  muscular  sense.  There  is  no  question  that  these  different  ele- 
ments in  the  sense  of  touch  are  independent  of  one  another,  and  it 
is  certain  that  they  are  transmitted  to  the  cortex  by  different  sensory 
tracts  which  we  shall  presently  trace.  There  is  every  reason  to 
believe  that  they  are  received  in  different  neurones  of  the  cortex,  for 
clinical  experience  teaches  that  one  sense  may  be  lost  when  others 
are  preserved.  Thus  in  one  of  my  cases  of  apoplexy  the  patient  lost 
the  sense  of  temperature  alone  on  one  side;  in  another  case  the 
patient  could  perceive  cold  sensations  only,  and  had  a  constant  feeling 
of  cold,  but  could  not  perceive  warm  sensations;  in  still  another  case 
sensations  of  temperature  and  pain  were  lost,  while  touch  was  pre- 
served in  one  side.    In  two  cases^  of  operation  upon  the  cortex  I 

*  One  of  these  is  reported  in  the  American  Journal  of  the  Medical  Sciences,  Nov.,  1894, 
with  McCosh.  The  second  case  has  been  recently  seen  with  him  at  the  Presbyterian 
Hospital. 
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The  motor  tract  to  the  hypoglossal  nucleus  wliich  govenis  the 
tongue  pursues  a  course  analogous  to  that  of  the  facial  nucleus^  but 
croBses  the  middle  line  at  the  up])er  i)art  of  the  medulla.  A  condition 
of  paralysis  of  one-half  of  the  tongue  and  of  the  arm  and  leg  on  the 
opposite  side  is  produced  by  a  lesion  in  the  medulla;  such  lesions 
are  rare. 

The  decussation  of  the  motor  tract  takes  place  in  the  pyramids  of 
the  medulla.  It  is  incomplete,  some  fibres  crossing  to  the  lateral 
tract  of  the  cord,  others  going  down  in  the  anterior  median  column 
of  the  same  side.  The  degree  of  the  decussation  varies  in  different 
persons.  In  some  it  is  almost  total,  in  others  it  is  partial.  In  some 
it  is  irregular,  many  fibres  crossing  on  one  side  and  few  on  the  other* 
Thus  Fig.  35  shows  a  marked  asymmetry  in  the  lateral  tracts  and 
anterior  median  columns  due  to  such  irregular  decussation,  Flechsig 
has  remarked  this  difference  in  fa?tal  cords,  and  has  even  found  one 
case  in  sixty  in  which  no  decussation  occurs  at  all.  This  variability 
in  the  anatomy  of  the  motor  tract  explains  the  different  degree  of 
paralysis  in  different  cases  of  hemiplegia.  In  some  cases  the  paralysis 
is  very  complete  on  one  side  and  hardly  perceptible  on  the  other. 
In  other  cases  there  is  distinct  weakness  on  the  side  opposite  to  the 
hemiplegia.  A  few  rare  cases  have  been  reported  by  Brown-Sequard 
in  which  the  hemiplegia  was  on  the  side  of  the  lesion,  and  in  these 
we  may  assume  that  there  was  no  decussation  of  the  motor  tract. 
A  lesion  of  the  medulla  may  affect  both  tracts  at  their  decussation, 
and  hence  cause  paralysis  of  all  four  limbs.    This,  again,  is  very  rare. 

The  motor  tract  in  the  spinal  cord  in  the  lateral  column  may  be 
affected  in  the  disease  lateral  sclerosis  which  has  been  already  studied. 
A  unilateral  affection  of  the  tract  in  the  spinal  cord  is  not  common, 
hence  a  hemiplegia  from  spinal  lesion  is  extremely  rare. 

These  types  of  henuplegia  occur  from  every  kind  of  brain  disease. 
The  alternating  form  is  indicative  of  a  lesion  on  the  base  either  within 
or  outside  of  the  brain  axis. 

Di»turbaiic«  in  the  aeiiBa  ol  toMch  is  a  local  symptom  of  disease  in 
the  brain.  There  is  some  discussion  as  to  the  area  of  the  cortex 
which  receives  these  sensations  and  as  to  the  course  of  the  tract 
which  brings  them  in. 

The  probable  localization  of  the  st^nsory  centres  is  in  the  posterior 
central  convolution  and  in  the  adjacent  portions  of  the  cortex  of  the 
parietal  lobules.  Lesions  in  this  locality  usually  cause  a  loss  of  tac- 
tile  sense  in  the  opposite  side  of  the  body.  The  sensory  area  can  be 
divided,  like  the  motor  area,  into  subdivisions  for  face,  arm,  and 
leg,  which  lie  resjjectively  in  the  lower,  middle,  and  ujiper  thirds  of 
this  region.  A  collection  of  cases  of  local  cortical  disetLse  made  by 
me  in  1884  led  to  tliis  conclusion,  Dana  subsequently  collected 
other  cases  which  suppt>rted  it,  and  Nothnagel,  Charcot,  Gallet,  and 
von  Monakow  accept  this  locaUzation. 

Some  authorities  have  held  that  the  sensory  and  mtM«u  arcius 
exactly  coincide.     Dejerine,  Flechsig,  Henschen,  Mott,  and  Schifer 
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urge  this  tow.  But  my  eases  prove  that  lesioiis  in  the  motor  area 
in  front  of  the  fissure  of  Kolando  rarely  cause  loss  of  tactile  sense, 
while  lesions  behind  it  usually  produce  ansBsthesia. 

Another  theory  of  the  localization  of  sensory  centres,  held  by 
Ferrier  and  Mills,  places  thecQ  in  the  hippocampal  region.  This  has 
been  founded  on  physiological  experiment,  but  is  not  confirmed 
by  pathological  records  in  man,  and  those  who  hold  it  have  not 
attempted  any  subdivision  of  this  area  for  the  different  limits.  I 
think  it  aiay  be  discarded,  for  in  many  cases  of  operation  upon 
the  cortex  in  li\ing  persons  for  the  relief  of  epilepsy  and  for  the 
removal  of  tumors  I  have  seen  small  lesions  of  the  cortex  of  the 
convexity  near  tlie  motor  area  cause  a  loss  of  sensation,  sometimes 
temporary,  sometimes  permanent. 

This  loss  of  sensation  is  usually  limited  to  one  side  of  the  face  or 
to  one  limb  in  eases  of  cortical  disease  for  the  same  reason  that 
paralysis  in  cortical  disease  is  more  commonly  of  the  monoplegic  than 
of  the  hemiplegic  variety.  A  loss  of  sensation  in  the  entire  side  of  the 
body,  termed  hemiansesthesia,  is  more  commonly  caused  by  a  lesion 
of  the  sensory  tract  within  the  brain  than  from  liisease  of  the  cortex. 

Irritation  of  the  cortical  centre  a  for  touch  causes  a  sensation  of 
tingling  io  the  part  of  the  body  which  corresponds  to  the  centre 
affected.  This  is  termed  para'sthesia.  It  has  been  already  alluded 
to  as  a  frequent  warning  and  as  a  constant  accompaniment  of  Jack- 
sonian  epilepsy,  under  which  circumstancres  it  is  a  temporary  symp- 
tom. It  is  frequently  observed  as  the  result  of  slight  disturbances 
of  circulation  in  the  cortex,  and  hence  is  a  prodrome  of  apoplexy. 
It  occurs  as  a  i>ermanent  symptom  in  cases  of  pressure  on  the  cortex, 
and  hence  is  found  in  cases  of  cortical  clot  and  of  cortical  tumor. 
The  tingling,  when  temporary,  is  often  followed  by  a  sUght  temporary 
anaesthesia  J  and  when  permanent  is  always  attended  by  a  slight  tactile 
anaesthesia. 

Disturbance  of  the  sense  of  touch  includes  both  sui3erficial  sensa- 
tions of  touch,  temperature,  and  pain,  and  deep  sensations  of  articular 
and  muscular  sense.  There  is  no  question  that  these  different  ele- 
ments in  the  sease  of  touch  are  independent  of  one  another,  and  it 
ifi  certain  that  they  are  transmitted  to  the  cortex  by  tlifferent  sensor^^ 
tracts  which  we  shall  presently  trace.  There  is  every  reason  to 
believe  that  they  are  received  in  different  neurones  of  the  cortex,  for 
clinical  experience  teaches  that  one  sense  may  be  lost  when  others 
are  preserved-  Thus  in  one  of  my  cases  of  apoplexy  the  patient  lost 
the  sense  of  temperature  alone  on  one  side;  in  another  case  the 
patient  could  perceive  cold  sensations  only,  and  had  a  constant  feeling 
of  cold,  but  could  not  perceive  warm  sensations;  in  still  another  case 
sensations  of  temperature  and  pain  were  lost,  while  touch  was  pre- 
served in  one  side.     In  two  cases*  of  operation  upon  the  cortex  I 


»  One  of  these  is  reported  in  the  ArDericaa  Journal  of  the  Medical  Sciences,  Nov.,  1894, 
with  Mc<JcM)h.  The  secotid  case  has  bc«3n  rec«*ntly  seen  ipvith  him  at  the  Preabyterian 
Hospital 
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have  sef^n  a  complete  loss  of  muscular  sense  in  the  arm  as  the  result 
of  a  small  lesion  in  the  superior  parietal  lobule  just  beliind  the  motor 
area.  The  tirst  of  these  eases  wa.s  in  a  man,  aged  twenty-one  years, 
who  had  a  fracture  of  the  left  parietal  bone  at  the  age  of  five  years, 
and  a  severe  fall  on  the  liead  at  the  age  of  sixteen  years.  For  five 
years  he  had  suffered  from  intense  pain  in  the  left  fiarietal  bone  about 
half-wa}^  from  the  boss  to  the  median  line,  a  point  that  at  the  o|>era- 
tion  was  found  to  lie  just  over  the  junction  of  the  sni)erior  and 
inferior  parietal  lobules.  (Fig,  175,)  Tlie  pain,  thougli  constant, 
wjis  sul^jeet  to  great  exacerbations  about  once  a  week,  in  which  he 
would  become  maniacal,  violent,  and  abusive,  and  s^jmelimes  uneon- 
seioiis.  He  ha<i  little  memory  of  his  acts  when  the  attack  was  over. 
Prior  to  the  o|ieration  he  had  no  paralysis,  ataxia,  or  loss  of  sensa- 
tion. Trephining  at  the  seat  of  pain  revealed  an  angioma  three 
fjuarters  of  an  inch  in  size,  limited  to  the  pia  mater,  as  the  liraiu 
cortex  appeared  normah  In  removing  this  the  brain  was  slightly 
laceratecl  t>y  the  passjige  of  the  needles  carrying  ligatures  to  tie  the 

TJQ.  175, 


SttUftUon  of  a  tumor  causlDg  Ion  of  mateular  ecrue  ADd  AtAXl*  In  the  rlgbt  tmnd, 
with  festereof^cMlB. 


veins  and  by  an  exploratory  puncture  to  ascertain  the  jiossible  exist- 
ence of  a  cyst.  Recovery  from  the  operation  occurrecb  but  imme- 
diately after  it  and  for  six  weeks  a  state  of  marked  ataxia  was  present 
in  the  riglit  Imnrl  with  a  loss  of  rmiscular  sense.  All  purely  co- 
ortlinated  movements  were  inijM>ssil)le:  an  attempt  to  place  the  finger 
on  the  nose  failed,  tlie  finger  lieing  earned  to  the  ear  or  far  to  one 
side  or  above  the  head.  He  was  unal)le  to  tell  with  closed  eyes  what 
position  had  been  given  to  the  tingers,  antl  wfis  unal>le  to  re])roduee 
such  positions  in  the  left  hand.  There  was  no  li>ss  cjf  power.  Tactile 
and  temperature  sen.ses  were  keen.  The  muscular  sense  returned 
gradually,  and  he  has  been  perfectly  well  for  the  past  seven  years. 
The  second  case  wa^  almost  identical,  a  cyst  being  found  and  removed 
from  the  same  location  with  little  injury  to  the  cortex,  but  with  the 
production  of  temporary  ataxia  in  the  hand.  I  have  often  seen  a 
marked  ataxia  from  cortical  lesions  associateti  with  hemianiesthesia, 
but  these  two  cases  were  without  other  motor  or  sensory  symptoms. 
Wliile,  therefore,  there  is  every  reason  to  tjelieve  that  the  cortical 
centres  for  the  {jc^reeption  of  touch,  temperature,  pain,  and  nmscular 
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sense  are  independent  of  one  another,  so  far  as  oiu'  )>r€^sent  knowledge 
goes*  it  is  nece.ssary  to  locate  them  gro^^sly  in  the  same  locality*  viz*, 
near  to,  but  behind,  the  motor  zone.  It  is  possible  that  various 
layers  of  the  cortical  neurones  possess  different  functions,  but  this  is 
only  a  hypothesis. 

The  characteristics  of  cortical  heniiana?sthesia  are  its  common 
association  with  hemi]>le^ia,  the  limb  which  is  most  paralyzed  being 
most  anaesthetic.  But  there  is  no  necessary  relation  Ijetween  motor 
and  sensory  disturbance,  as  either  may  occur  alone,  or  one  may  be 
intense  while  the  other  is  slight. 

The  anaesthesia  from  cortical  lesion  is  never  to  tab  Each  side  of 
the  Ijody  is  connected  with  both  lieinispheres  of  the  brain,  though 
the  crossed  connection  is  far  more  complete  than  tlie  direct  one. 
Hence  a  slight  degree  of  sensibility  in  the  anaesthetic  siile  is  always 
to  be  found,  es})ecially  in  cases  of  any  length  cjf  duration.  Cbrtical 
anresthesia  usually  subsides  gradually  after  a  lesion,  an<t  the  sensi- 
bility returns  in  jjart  even  if  not  wiiolty.  Uejerine  noticed  that  this 
was  more  common  in  young  persons  than  in  middle-aged  or  old  ones. 
Tlie  anaesthesia  frc^ni  organic  lesions  is  always  most  intense  in  the 
distal  part  of  a  liml>;  the  fingei*s  and  hand  are  more  insensitive  than 
the  forearni,  untl  this  than  the  arm  or  trunk;  the  t(x*s  afid  sole  are 
more  insensitive^  tlian  th(*  leg,  and  this  than  the  thigh;  the  face  is 
more  insensitive  than  the  neck  or  trunk,  and  the  lips  are  the  most 
insensitive  jiart  of  the  face  when  it  is  affected.  There  is  no  sharp 
limit  to  the  anaesthesia,  it  fades  gradually  into  an  area  of  moderate 
sensation.  Dejerine  calls  attention  to  all  these  characteristics  as 
enabling  one  to  distinguish  it  from  the  aniesthesia  occurring  in  hys- 
teria. This  latter  is  often  found  without  paralysis,  is  absolute,  does 
not  disappear  gradually,  is  ttf  uniform  intensity  in  the  entire  side* 
and  is  often  associated  \\\\\i  concentric  diminution  in  the  visual  field 
of  the  eye  on  tlie  anaesthetic  side. 

Teats  o!  Sensation.  Toucli  is  to  be  tested  by  cotton-wool  or  by  a 
cana^rs-hair  brush  or  by  tlie  fingers  of  the  examiner,  the  two  sides 
of  the  body  iH'ing  touchefl  simultaneously  in  symmetrical  |>laces,  and 
the  patient  bf^ing  re<iuested  to  compare  the  two  sensations.  Tem- 
tieratiire  sensations  may  l>e  similarly  tested,  test  tubes  wth  hot  and 
cold  water  l>ei ng  used.  Fain  sense  may  be  tested  by  neefUes  or  t)y 
a  faradic  brush.  Muscular  sense  may  Ije  tested  by  the  use  of  differ- 
ently weighted  trnlls  or  coins  hehj  iti  the  hands  and  comfiared*  or  Ijy 
weights  being  jilaced  on  the  hands  which  are  supported,  each  side 
being  tested  separately  or  the  two  together.  Tlie  sense  of  position 
may  be  tested  by  giving  a  position  to  one  limb  or  liand  and  asking 
the  patient  to  re|)roduce  tliis  in  the  other  side.  If»  for  example,  the 
right  hand  is  put  in  a  clenched  position  anil  the  blindfolded  jjatient 
caimot  detect  that  he  must  clench  the  left  one  in  order  to  imitate 
this  position  he  has  a  loss  of  muscular  sense  in  the  rigtit  hand,  for 
the  error  lies  not  in  the  power  of  movement  hut  in  the  p**rception 
of  the  kind  of  rnotiiui  necessary.     A  further  test  may  be  made  by 
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demanding  the  execution  of  accurate  and  co-ordinated  movements, 
such  as  picking  up  a  piu,  Imttoning  the  clothes,  carrying  a  glass  of 
water  to  the  moutli. 

The  cortical  sensory  area,  in  the  act  of  handling  any  object,  receives 
simultaneously  numerous  tactile  and  temperature  sensations  asso- 
ciated with  the  sensations  of  pressure  and  of  weight  and  of  the  posi- 
tions of  the  fingers  involved  in  feeling  the  object.  These  sensa- 
tions leave  behind  them  a  permanent  trace  in  some  physical  change 
in  the  cortical  cells.  They  are  combined  into  a  sensory  memory  of 
the  object,  so  that  follov^dng  the  acquisition  of  this  complex 
sensory  mental  picture  we  can  recognize  the  object  by  the  sense  of 
touchy  even  if  we  do  not  see  it.  Tlius  we  have  tactile  memories  of 
objects  such  as  an  orange,  a  rose,  a  liell,  a  jjen,  which  enable  us  to 
call  them  to  mind  and  to  reengnize  them  wlien  felt.  This  powder  of 
recogoi:5ing  objects  by  touch  has  been  named  stereognosis.  It  is 
exident  that  the  stereognostic  sense  is  nut  a  simple  thing,  Imt  involves 
a  simultaneous  activity  in  a  large  number  of  different  tactile  sensory 
neurones  which  are  grouped  together.  The  recognition  of  an  object 
by  it  is  comparable  rather  to  the  recognition  of  a  melody  in  music 
as  distinguished  from  a  single  note.  This  is  one  of  the  functions  of 
the  portion  of  the  cortex  concerned  in  tactile  sensations.  And  in 
fact^  when  we  consider  our  sensations  for  a  moment  we  perceive  that 
it  is  always  some  definite  object  which  w^e  recognize  in  percei\dng  a 
tactile  sensation  ratlier  than  the  sensation  alone.  It  is  the  touch  of 
a  finger,  of  a  pin,  of  cotton-WT)ol,  of  a  hard  weighty  object  rather 
than  touch  or  firmness  or  weight  which  we  feel.  These  abstract 
qualities  of  objects  are  only  known  by  a  process  of  analysis  and 
synthesis,  a  process  of  generalizing  from  a  large  array  of  particulars. 
Tlie  thing  which  we  [jrimarily  feel  and  recognize  by  touch  is  not  a 
quality,  it  is  an  object.  It  is  necessary,  therefore,  to  regard  the  sen- 
sory area  of  the  cortex  as  the  storehouse  of  tactile  memories  of 
objects  just  as  we  regard  the  motor  iu^ea  as  the  storehouse  of  motor 
memories  of  comlunations  of  motion.  Tlie  loss  of  the  power  of 
recognition  by  touch  has  been  named  astereognosLs. 

The  majority  of  our  tactile  perceptions  are  acquu-ed  through  the 
hand.  We  have  few  memories  of  fa<'ial  or  |>edal  sensations,  and 
practically  none  of  the  trunk.  Hence  the  tactile  memory  area  is 
more  extensive  in  the  middle  third  of  the  posterior  central  convo- 
lution and  in  the  ailjacent  part  of  the  inferior  parietal  lobule.  (Fig. 
176.)  Redlich*  (1S93)  collected  twenty  cases  of  lesions  limited  to 
this  area  which  had  been  attended  by  astereognosis,  and  Walton* 
has  recently  supported  this  view  by  other  cas^.  Tlie  area  involved 
18  somewhat  higlier  than  the  supramarginal  gyrus,  which  obviates 
the  objection  of  Dejerine  that  in  lesions  there  he  has  not  seen  the 
symptom. 

A  loss  of  tactile  memories  may  therefore  occur  as  a  symptom  of 


»  Wieoer  Win.  Wochen.,  1893. 
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disea^  in  the  seesoiy  area  of  the  cortex, and  it  is  a  valuable  localizing 
symptom.  It  forms  a  part  of  the  condition  of  apraxia,  to  which  we 
shall  allude  later.  It  is  the  essence  of  the  condition  of  astereognosis, 
Astereo|!:nosis  is  to  be  elicited  in  a  patient  by  placing  various 
objects  one  after  another  in  the  hand,  the  eyes  lx*ing  closed,  and 
asking  their  names  and  uses.  Each  hand  must  be  tested  separately 
as  each  hemisjjhere  contains  its  own  set  of  memories.  If  aphasia 
is  present  names  may  not  Iji^  given^  but  by  signs  a  patient  can  usually 
indicate  whether  he  recognizes  an  object  and  its  uses  by  touch. 

Fig,  176. 
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Sensory  Symptomi  from  Subcortical  Lesions.  Hemiantesthesia,  hemi- 
analgesia,  hemithenno-anapsthesia,  and  hemiataxia  may  Ije  produced 
not  only  by  lesions  in  the  sensory  area  of  the  cortex,  but  also  by 
an  interruption  in  the  sensory  tracts  conveying  these  sensations 
from  the  body. 

In  studying  diseases  of  the  spinal  cord  we  have  already  seen  that 
these  sensations  ascend  by  separatee  tracts.  Tactile  sensations  ascend 
partly  in  the  posterior  columns  and  partly  in  the  antero-lateral 
tracts,  Temfwrature  and  pain  seiLsations  ascend  in  the  antero* 
lateral  ascending  tract.  Muscular  sensations  ascend  partly  in  the 
posterior  columns  and  partly  in  tlie  direct  cerebellar  columns.  (See 
Figs.  42  and  43,  page  186.  f 

It  is  nec-esaary  to  trace  these  various  tracts  upward  from  the  cord 
to  the  cortex  of  the  sensf  iry  area.  Tlie  sensory  tracts  are  not  as  cUrect 
and  continuous  as  the  motor  tracts  through  the  nervous  system. 
The  study  of  ascending  fiegenerations  in  the  spinal  cord,  cerebral 
axis,  and  brain  has  shown  that  such  degenerations,  though  intense 
and  extensive  just  above  a  transverse  lesion^  become  less  so  the 
higher  we  get,  and  heoce  we  conclude  that  the  short  tracts  greatly 
outnumber  the  long  ones.  In  fact,  we  do  not  find  continuous  sensory 
tracts  frtjm  the  cord  to  the  cortex.  We  have  a  series  of  short  con- 
necting tracts  iiiterruptetl  by  gray  masses,  and  a  moment's  considera- 
tion shows  the  reason  of  this  anatomical  arrangement.  The  effect  of 
a  seiLsation  in  any  part  of  the  body,  especially  if  it  be  of  sufficient 
importance  to  give  rise  to  pain,  is  not  merely  a  conscious  perception. 
The  primary  effect  is  a  multitude  of  reflex  actions  entirety  below  the 
sphere  of  consciousness.     Thus  an  ordinary  painful  impression  results 


LOCAL  SYMPTOMS, 


441 


in  the  withdrawal  of  the  limb,  in  setting  up  of  vasomotor  and  trophic 
reflex  act.s,or,]f  the  irritation  be  kejit  np,of  a  general  sense  of  uneasi- 
ness throughout  the  body^  even  complex  reflex  acts  to  remove  the 
source  of  pain,  a  quickening  of  respiration  and  pulse,  a  facial  expres- 
sion of  discomfort,  and  even  automatic  cries,  AJl  these  effects  can 
t>e  producetl  in  an  animal  whose  cortex  is  removed  and  in  a  man 
asleep  ur  under  ether.  It  is  tlierefore  evident  that  an  intense  sensory 
impression  may  throw^  into  activity  the  entire  subcortical  nervous 
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The  projecdon  tmcU  Joining  Uie  cortex  wltl)  lower  nerve  centres.  Sn^ttal  section,  sliowtn^  the 
anrnugementa  of  tranta  in  the  internal  c&pnuLe.  A.  tract  frum  the  firontftl  lobe  to  tbe  anterior  half 
of  the  cap^ale,  thence  in  part  to  the  optic  ttialainus,  A'-',  and  in  psLXi  to  the  pons,  and  ihns  to  the 
cerebellar  Ijemlsphfre  of  the  opptwlle  »lde;  D,  motor  trait  from  ibe  central  convoltilions  to  the 
facial  nucieuft  in  the  pon»  and  to  the  flpinal  cord  ;  €,  senBorj  tract  fmm  ixwtertor  oohimne  of  the 
cord,  through  Ihe  posterior  [mrt  of  the  medulla^  pons,  cmi,  and  cafAule  tu  the  parietal  lobe;  D, 
Tlffoal  tract  from  the  optic  tbalamnB  (OT)  to  the  occipital  lobe ;  E,  atidltory  tract  from  the  Int. 
geniculate  l)ody  (to  which  a  tract  pitfaea  from  the  MIL  N.  unclen*)  to  the  temporal  lobe :  F,  supe- 
rior eerebeilar  peduncle ;  G.  middle  cerebellar  peduncle;  H,  inferior  cerebellar  peduncle;  CN, 
caudate  nucleun  ;  CQ,  corpora  itUHdrigemiua.    The  titimeials  refer  to  the  cranial  nerves. 


sj'Etem,  or,  in  other  wortlsjnay  lie  distributed  to  a  niuUitude  of  motor 
mechanisms  in  cord  and  cerebral  axis  and  8ul»cortical  ganglia  in 
addition  to  awakening  cortical  acti^dty  and  causing  a  conscious  per- 
ception. This  effect  could  not  be  attained  were  the  senM>rv  tracts 
from  (tne  region  of  the  boily  to  the  cortex  continuous  and  single. 
It  could  only  be  attained  hy  an  arrangement  which  |>rovides  for  the 
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tract  whivh  lies  between  the  olives.  The  liypoglossal  nerves  on  their 
way  from  the  nucleus  to  their  exit  Ue  on  the  outer  side  of  this  tract. 
Ascending  in  thi*^  tract  tlie  sensory  fibres  enter  the  lemniscus,  which 
lies  in  the  pons  Varohi  behind  the  pyramidal  tracts  and  deep  trans- 
verse fibres.  Many  axones  lirunch  from  the  lemniscus  to  end 
about  neurones  lying  in  the  gray  matter  of  the  pons,  both  in  the 
floor  of  the  ventricle,  in  the  fortnatio  reticularis,  and  in  the  deep  gray 
matter.  From  these  neurones  again  axones  enter  llie  lemniscus  to 
ascend.  The  lemniscus  a*scends  (Fig.  ISO)  through  the  crus  cerebri, 
where  it  curves  about  its  lateral  surface*  sending  many  of  its  axones 
into  the  corpora  tiuadrigemina  [Kisterior  and  anterior,  then  sinks 
into  the  ba.se  of  the  brain,  and»  passing  through  the  lower  part  of  the 
internal  capsule,  terminates  largely  in  the  optic  thalamus  in  its  outer 
nucleus.  (Fig.  17S.)  It  is  possible  that  all  the  lemnisciLs  fibres  end 
there.  It  is  possible  that  some  pass  up  through  the  capsule  and  turn 
outward  to  end  in  the  cortex  of  the  |HJslerior  central  convolution  and 
adjacent  jjarietal  rcgicm.  It  is  possible  that  the  only  sensory  fibres 
entering  the  cortex  Qome  from  tlu'  uptic  thalanms,  but  many  authors 
have  traced  the  lemniscus  directly  to  the  cortex,  at  least  in  part. 

In  18S4  I  showed/  by  an  analysis  of  twenty-six  crises  of  very  small 
local  lesions  hmited  to  the  medulla  and  jions,  (hat  an  interruption 
in  these  fibres  either  (1)  in  the  inisterior  columns  nf  the  conl;  (2)  in 
the  interolivary  tract;  (3)  in  tfie  lenuiiscus,  or  (4)  in  the  internal 
capsule  where  the  lenmiscus  j)asses  proiluces  a  condition  of  ataxia 
and  loss  of  the  muscular  sense  in  the  limljs  of  the  op))osite  side. 
Since  that  date  many  similar  cases  of  small  lesions  in  tlie  lenutlscus 
have  l>een  reported  with  the  same  result.  Ihmce  it  may  l>e  stated 
that  this  is  the  tract  of  muscular  sense  and  that  a  lesion  of  this  tract 
causes  ataxia. 

If,  therefore^  heniiataxia,  not  of  cortical  origin,  occurs,  the  con- 
clasion  van  be  dra\\ii  that  the  lenmiscus  is  atlected.  The  position 
of  tl)e  lesion  in  the  course  of  the  leiimiscus  can  be  lieterruined  only 
by  a  study  of  other  symptoms  coincident  with  the  ataxia.  As  the 
medulla,  pons,  and  crura  are  very  small  and  contain  the  nuclei  of 
tlie  varitius  cranial  nerves  at  different  levels  some  syrTi]jtonis  referable 
to  an  afTectiou  of  one  of  tliese  cranial  nerves  will  usually  enable  one 
to  locate  the  lesion.  Thus,  if  there  is  oculomotor  |>aralysis  with 
hemiataxia  the  lesion  is  in  the  crus.  If  there  is  trigeminal  ana«' 
thesia  or  facial  palsy  with  hemiataxia  ihe  lesion  is  in  the  pons.  If 
there  is  auditory  or  hypoglossal  |»aralysis  the  !t'si<»n  is  in  the  medulla, 
The  figures  indicate  the  ccmrse  of  this  tract  and  its  relation  to  the 
varioiis  cranial  nerves. 

2.  The  Tract  of  Tactile,  Pain  and  Temperature  Senses.  The  ascend- 
ing sensory  fibres  in  the  lateral  colunms  of  the  spinal  cord  which 
convey  these  sensations  pass  directly  into  the  corresi>onrling  portion 
of  the  medulla  oblongata  which  is  known  as  the  formatio  reticularis. 


Journftl  of  Nervous  juid  Mentnl  IH^eusc,  July,  1884. 
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This  is  shown  in  Fig.  181.  It  is  made  up  of  the  interlacing  of  three 
Bets  of  fibres:  (a)  transverse,  the  commissural  fibres  of  the  medulla, 
pons,  and  cerebellum;  {b)  verticab  the  cranial  nerve  fibres;  (c)  longi- 
tudinal, the  sensory  tract;  and  hence,  however  it  is  eut^  it  appears 
as  a  network  or  reticular  formati<jii,  whence  tlie  name.  It  is  stre\ra 
with  isolated  neurone  Imdies  and  ha^  collections  of  these  at  many 
points;  thus  the  nucleus  ambiguus,  the  8U])erior  olive,  the  nuclei 
of  the  lemniscus,  and  the  red  nueleas  are  collectionxS  of  neurones  Ij'ing 
in  this  forniation.  The  formatio  reticularis  is  continuous  from  the 
medulla  tlu-ough  the  pons  and  into  the  cms,  whence  its  fibres  enter 
the  internal  capsule.  Through  this  formatio  reticularis  many  filires 
pass  up  and  some  fibres  end.  From  it  many  ascend  through  the 
crus  to  enter  the  optic  tlialanuis.  The  formatio  reticularis,  there- 
fore, contains  a  long  ascenrling  trtict.  Tlie  sensations  sent  along  this 
from  the  spinal  cord,  fike  tliose  in  the  lenmiseus,  pass  either  inthrectly 

by  way  of  the  tlialamus  or  directly 
by  way  of  the  internal  capsule  to  the 
sensory  cortex.  The  ascending  tract 
of  Govvers  in  the  spinal  cord  takes  the 
same  course  into  the  formatio  reticu- 
laris, but  its  termination  is  not  yet 
certain. 

In  the  outer  third  of  the  formatio 
reticularis  is  found  a  column  of  small 
cells  of  i>eculiar  structure,  resembling 
the  sulistantia  gelatinosa  of  the  pos- 
terior horn  of  the  spinal  cord,  and  in 
this  column  terminate  the  filjres  of  the 
sensory  part  of  the  trigeminal  nerve 
(Fig-  182)  which  turn  downward  after 
entering  the  pons  Varolii,  Thus  the 
outer  portion  of  the  formatio  reticu- 
laris contains  the  sensory  tract  from 
the  face  of  the  same  side. 

Lesions  of  the  formatio  reticularis 
interrupt  the  sensory  tract  and  cause 
aiia'sthesia.  It  is  e\ident  from  the 
diagram  that  a  lesion  w^hich  involves 
the  formatio  reticularis  on  one  side  of 
the  pons  and  medulla  vaW  produce  an 
alternating  anresthesia — i,  e,,  toss  of 
sensation  in  the  face  on  the  side  of  the  lesion  antl  in  the  body  on 
the  other  side.  Alternating  aniesthesia  is  as  characteristic  a  s>Tnp- 
tom  of  lesions  of  the  formatio  n^icularis  of  the  pons  and  medulla  aa 
alternating  paralysis  is  of  lesions  in  the  motor  tract  in  the  pons. 

In  tlie  upper  part  of  the  pons  the  sensor;^  tract  from  the  face  crosses 
the  median  line,  and  hence  a  lesion  in  the  formatio  reticularis  in  the 
upper  third  of  the  pons,  or  in  the  crus  cerebri,  or  in  the  internal 
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capsiile  vfiW  produce  a  unilateral  hemiana^^thesia.  A  lesion  involv- 
ing both  halves  of  the  furniatiu  reticularis  will  produce  bilateral 
sensory  s\auptoms. 

The  diagrams  show  the  relation  of  this  tract  to  the  cranial  nerves 
which  make  their  exit  through  the  forniatio  reticularis.  A  lesion 
which  is  situated  in  the  crus,  pons,  or  medulla,  causing  anaesthesia 
of  the  body,  wilt  also  cause  sf>me  synijjtonis  referable  to  one  or  more 
of  the  cranial  nerves,  and  hence  such  a  lesion  can  reatlily  I)e  localized. 

Hemianiesthesia  is  usually  due  to  a  lesion  of  the  sensory  tract  in 
the  internal  capsule,  where  it  lies  either  just  behind  tlie  motor  tract 
or  mingled  with  it.  Such  a  hemianspsthesia  is  usually  attended  by 
hemianalgesia  and  hemithcrmu-ana'sthcsia  and  often  by  hemiataxia* 
A  dissociation  of  sensations,  that  is,  the  loss  of  either  touch,  pain, 
or  temperature  sense  alone,  the  others  being  intact,  has  not  been 
observed  after  lesions  of  the  internal  capsule.  Heniianspsthesia  from 
ptoeions  of  the  capsule  is  rarely  absolute^  for  the  sensory  decussation 
t  not  a  complete  one,  and  sensations  from  one-half  of  the  body  are 
sent  to  both  hemisplieres  of  the  brain.  As  a  rule,  the  entire  half  of 
the  body  is  ana^thetic  after  a  lesion  of  the  capsule.  But  as  the 
sensory  tract  ascends  to  the  cortex  from  tlie  capsule  its  fibres  spread 
out  like  the  sticks  of  a  fan,  tliose  transmitting  sensations  from  the 
leg  passing  upward  to  the  summit  of  the  sensory  area  of  the  cortex, 
while  those  transmitting  sensations  from  the  face  pass  outw^ard  to 
the  \4cinity  of  the  Sylvian  fissure.  Hence  in  lesions  in  the  centrum 
ovale,  as  in  lesions  of  the  cortex,  one  limb  or  part  of  the  body  may 
be  anaesthetic  instead  of  the  entire  side.  .Ajid  the  same  rule  applies 
to  symptoms  of  loss  of  sensation  as  to  paralysis:  that  the  nearer 
the  lesion  to  the  cortex  the  more  likely  are  the  symptoms  to  be 
limited  to  a  single  limb.  Thus  in  the  cases  shown  in  Figs,  167  and 
168  there  was  a  loss  of  sensation  as  w^ell  as  of  motion  in  the  hand 
and  arm  of  the  opposite  side. 

When  the  close  approximation  of  the  sensory  to  the  motor  tract 
throughout  its  course  is  considered  it  is  no  longer  a  matter  of  surprise 
that  in  the  majority  of  cases  of  brain  disease  a  loss  of  sensation 
attends  paralysis.  It  is  to  be  noticed,  however,  tliat  in  all  this  course 
the  sensory  tract  lies  belli hcI  the  motor  tract.  If,  therefore,  a  lesion 
is  advancing  from  behind  forward  in  the  brain  sensory  disturbance 
precedes  paralysis,  but  if  tlie  lesion  is  advancing  from  before  back- 
ward, paralysis  precedes  anaesthesia.  This  observation  has  an  im- 
portant bearing  upon  tliagnosis,  for  it  sometimes  enables  one  to 
determine  whether  the  disease  under  \4ew  is  a  progressive  or  a  sta- 
tionary one,  and,  if  progressive,  to  settle  the  direction  in  which  it  is 
extending.    (See  Fig.  178.) 

3,  The  Oerebellai  Tract  from  the  Spinal  Oord.  The  dil'ect  cerebellar 
tract  from  the  cord  turns  through  tlie  corpus  restiforme  of  the  medulla 
outw^ard  and  goes  directly  to  the  cerebellum.  (Fig,  179.)  Some 
fibres  from  the  nuclei  gracihs  and  cuneatus  of  each  side  join  it  in  the 
corpus  restiforme  and  end  witii  it  in  tiie  cerebelkim.     It  is  also  joined 
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guide  voluntary  movements.  They  are  concerned  in  the  trans- 
rabsion  of  those  muscular  seosatioes  which  are  essential  to  the 
control  of  equilibrium,  as  we  shall  see  later  wlien  we  consider  the 
connections  and  functions  of  the  cerebellum.  It  is  not  to  be  forgotten, 
however,  that  in  lesions  affecting  the  medulla  and  pons  this  tract 
may  be  injured,  and  thus  vertigo  and  staggering  may  be  produced. 

Disturbance  of  vision  is  a  local  symptom  of  cortical  disease  of  the 
occipital  lobe  of  the  brain  and  of  the  visual  tract  from  the  e}Ts  to 
it.  The  optic  nerves  pa^^s  from  the  eyes  to  the  optic  chiasm.  A 
partial  decussation  of  the  optic  fibres  occurs  in  the  optic  chiasm, 
leading  to  the  junction  in  the  optic  tract  of  fibres  from  the  corre- 
sponding half  of  both  eyes.  For  this  reason  cerebral  blindness  is 
always  a  hemianopsia  or  blindness  in  one-half  of  l»oth  eyes,  each 
hemisphere  of  the  brain  receivingimpressions  from  the  opposite  visual 
fields.  The  exact  anatomy  of  the  optic  nerves  and  optic  tracts  will  be 
considered  in  Chapter  XXXIV.  Suffice  it  here  to  mention  that  each 
optic  tract  ends  in  the  {julviiuir  of  the  optic  thalamus,  in  the  external 
geniculate  body, and  in  the  corpus  quadrigeminum  anterior  (Fig.  183), 
and  that  from  these  ganglia  the  visual  tract  issues  into  the  posterior  fifth 
of  the  internal  capsule,  and  turning  backward  in  it  passes  through 
the  centrum  ovale,  outside  of  the  posterior  horn  of  the  lateral  ven- 
tricle, and  terminates  in  the  cortex  of  the  occipital  lobe.  The  exact 
termination  of  these  fibres  is  in  the  cortex  about  the  calcarine  fissure 
and  in  the  cuneus,  a  wedge-shaped  lobule  on  the  median  surface  of 
the  hemisphere.  (Fig.  184.)  But  the  convolutions  of  the  convexity 
of  the  occipital  lobe  are  also  concerned  in  the  reception  and  storing 
up  of  \dsual  impressions,  and  hence  lesions  in  any  part  of  the  occipital 
cortex  are  productive  of  hemianopsia. 

There  seems  to  be  a  projection  of  the  visual  field  to  some  extent 
ujjon  the  cortex  of  the  cuneus»  for  small  lesions  there  may  cause 
small  sector-like  defects  in  the  visual  field.  Henschen,  in  his  elab- 
orate work  on  the  pathology  of  the  brain,  has  confirmed  this  conclusion, 
which  Wilbrandt  and  Hun  had  reached  from  a  smaller  number  of 
cases.  Fig.  184,  17\  shows  the  location  of  the  lesion  in  Hun*s  case. 
The  defect  in  the  visual  fields  in  this  patient  was  limited  %o  the 
upper  quadrant.  Lesions  in  the  upper  part  of  the  cuneus  cause 
blindness  in  the  lower  quadrant  of  both  \isual  fields,  and  lesions 
in  the  low^er  part  of  the  cuneus  cause  blindness  in  the  upper 
quadrant  of  both  visual  fields.  It  is  rare  for  a  lesion,  however,  to 
be  so  exactly  limited  a^  to  cause  this  effect.  As  a  rule,  lesions 
anywhere  in  the  occipital  lobe  produce  hemianopsia.  Superficial 
lesions  in  the  occipital  cortex  may  cause  a  loss  of  color  \dsion  only, 
hemichromatopsia,  which  may  be  partial,  that  is,  hrnited  to  one  or 
two  colors  only,  or  total.  Such  cases  are  very  rare  and  are  usually 
soon  followed  by  hernia iiopsia,  A  few  cases  have  been  reported 
of  bilateral  lesions  causing  double  hemianopsia.  In  one  such  case 
central  vision  w^as  preserved  (Forster),  in  others  the  blindness  was 
total.    Total  blindness  has  also  been  caused  by  a  maldevelopment  of 
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the  occipital  lnl)e8  of  the  liraiii,  a.s  in  cases  reported  V>v  Haali  and 
Spiller. 

Lesions  of  the  cortex  prodnce  defects  of  the  visual  field  that  are 
symnietrical  in  both  eyes,  us  shown  in  Fig.  185. 

Psychical  BUndBess,  The  loss  of  the  power  of  vision  is  attended  by 
a  toss  of  \isuul  memories  when  the  lesion  is  cortical,  and  hence  the 
recognition  of  objects  seen  is  imjierfect,  and  tiie  mind  cannot  recall 
the  appearance  of  things  formerly  familiar.    Thus  I  have  known 
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patients  who,  after  such  a  lesion,  did  not  recognize  the  members  of 
their  family  by  sight,  though  they  recognized  tlicm  by  the  sound  of 
their  voices.  Tliis  condition  is  known  as  psychical  blindness.  The 
patient  fails  to  recognize  objectSi  and  cannot  recall  them  to  mind. 

It  would  seenif  from  a  study  of  more  or  less  extensive  lesions  in 
the  occipital  cortex  as  if  the  inemories  of  things  seen  were  largely 


LOCAL  SYMPT03fS. 


451 


located  in  the  left  honiisiiliere  in  right-handed  and  in  the  right  henii- 
Fphere  in  left-handed  persons,  thus  aecordinji;  wit  It  the  location  of 
our  nietiiories  of  sjieeeh.  At  any  rat-e,  the  loss  of  tliest>  memories  is 
nmeh  more  frequent  when  the  left  hemisphere  is  destrt>yed. 

The  major  part  of  our  knowledge  of  objects  is  aequired  through 
the  sense  of  sight,  and  a  moment's  thought  will  eonvinee  one  not 
only  that  the  extent  of  cortex  occupied  by  memory  pictures  must 
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The  YtftUAl  Heidi  in  a  case  of  left  homonymatii  hemianopsia  of  cortical  origin. 

be  great,  but  also  that  it  must  be  increasing  daily  through  life. 
The  only  definite  eonee|>tion  we  can  have  of  this  process  is  that,  while 
all  objectis  are  originally  jjcrceived  through  impressions  sent  to  the 
cuneus,  the  memories  of  these  objects  are  stored  in  secondary  centres 
outside  of  the  cuneus  in  the  occipital  cortex.  Hence  the  larger  the 
number  of  things  seen  and  remembered  the  greater  the  area  concerned 
in  vision  in  any  individual 
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The  areft  of  the  oortex  in  which  a  lesioD  cau&eg  ptychlcal  bllndnesit 

The  condition  know^n  as  psychical  blindness  is  due  to  a  loss  of 
those  memories  and  is  diagnostic  of  i\  lesion  of  the  cortex  of  the 
occipital  lobe.  It  occurs  from  a  lesion  of  the  convexity  iis  well  as 
from  a  lesion  of  the  cuneus.  It  is  usually  fittended  by  hemianopsia, 
always  when  the  cuneus  is  destroyetl.     (Fig.  186.} 


452     THE  DIAGNOSIS  AND  LOCATION  OF  BRAIN  DISEASES. 


Word-blmdnesa.  There  Ls  a  special  class  of  visual  memories,  those 
that  make  up  our  knowledge  of  written  and  printed  language,  w^hieh 
have  a  special  locati(^in.  This  is  in  the  junction  of  the  occipital  and 
parietal  regions  in  an  area  known  as  the  angular  g>TUs.  Lesions 
in  this  locality  cause  a  loss  of  the  memory  of  words  as  seen;  hence 
an  iuability  to  read.  This  symptom,  while  really  a  part  of  psychical 
blindnesSjis  termed  w^ord-blindiiess^and  may  occur  without  psychical 
blindness.    It  is  often  accompanied  by  heraiaDOpsia,  because  a  lesion 
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in  this  locality,  if  not  altogether  superficial,  may  involve  the  visual 
tract  which  lies  beneath  the  cortex  here.  This  is  shown  in  Fig.  183. 
But  word-blindness  may  occur  alone  mthoot  hemianopsia.  It  may 
be  attended  by  hemiana'sthesia  or  hemiataxia,  but  in  such  cases  the 
lesion  involves  the  cortex  in  front  of  the  angular  g>Tus.  Fig.  187 
shows  the  exact  extent  of  the  lesion  causing  word-blindness  in  six 
cases*  Patients  suffering  from  word-blindness  not  only  lose  the 
power  of  reading,  a  comlition  termed  alexia,  but  sometimes  lose  also 
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of  ^Titing,  a  condition  termed  agraphia,  being  unable  to 
\  proper  motor  images  needed  to  form  the  word.  Yet  there 
are  eases  on  record  where  alexia  has  occiirred  without  agraphia,  and 
I  have  seen  two  patients  who  could  not  read  what  they  had  just 
written.  In  such  cases  one  nriust  imagine  that  the  sound  of  the  word 
as  mentally  ])ronouoced  awakened  the  motor  memor>^of  its  produc- 
tion in  speech  and  in  TOting,  even  when  its  appearance  could  not 
be  recalled.  Word-bhndness  is  an  important  di\dsion  of  sensory 
aphasia. 

Visual  Aura.  Irritation  of  the  occipital  cortex  produces  forced 
revivals  in  consciousness  of  visual  memories.  These  may  consist 
simply  of  flashes  of  light  or  color  or  of  actual  images.  They  are 
known  as  visual  hallucinations  when  consciousness  accepts  them  as 
real  and  does  not  distinguish  them  from  actual  objects  seen.  Such 
hallucinatioixs  often  precede  a  Jacksonian  epilej)sy  and  are  know^n  as 
visual  aiu-a*.  They  are,  as  a  rule,  unilateral^  the  hallucination  appear- 
ing on  the  side  opposite  to  the  lesion.  They  are  analogous  to  the 
tingling  sensations  known  as  the  signal  symptom  in  localized  spasm. 
They  are  sometimes  followed  by  temporary  hemianopsia,  the  excite- 
ment of  the  cortical  neurones  causing  an  exhaustion. 

It  is  probable  that  the  \dsions  of  delirium »  whether  due  to  poisons, 
such  as  alcohol,  opium,  or  cannabis  indica,  or  due  to  inflammation 
of  the  membranes  of  the  brain  or  of  the  brain  itself,  are  produced 
by  irritation  €)f  the  visual  area  of  the  cortex. 

Subcortical  Hemianopsia.  Hemianopsia  may  Ix^  due  to  a  lesion 
in  the  visual  tract  beneath  the  cortex  or  to  a  lesion  in  the  basal 
ganglia  in  which  the  optic  tract  terminates.  In  this  case  the  limit 
of  blindness  in  the  visual  field  is  usually  less  extensive  and  less 
symmetrical  in  the  two  eyes  than  when  tlie  lesion  is  cortical.  In 
cortical  hemianopsia  tlie  hne  of  limitation  of  \ision  is  usually  ver- 
tical and  passes  within  one  or  tw^o  degrees  of  the  point  of  central 
vision  in  both  eyes.  In  subcortical  hemianopsia  the  line  is  irregular 
and  passes  from  five  to  ten  degrees  outside  the  point  of  central 
\ision  in  both  eyes.     (Fig.  188.) 

Hemianopsia  due  to  subcortical  lesions  is  usually  attended  by  other 
symptoms.  Thus  if  it  is  right  heniiano]3sia  and  the  lesion  is  just 
beneath  the  cortex  at  any  point  in  the  temporo-occii>ital  radiation 
some  form  of  word-blindness  or  aphasia  is  a  very  common  symptom. 
U  the  lesion  is  in  the  region  of  the  internal  capsule  or  optic  thalamus, 
hemiataxia  or  hemiana^sthcsia  is  very  often  an  associated  symptom. 
This  is  due  to  the  {>roxinuty  in  this  locaUty  of  the  sensory  tract. 
Hemiplegia  may  also  accompany  it  from  the  same  cause.  If  the 
hemianopsia  is  due  to  a  lesitjn  in  the  corpus  geniculatum  externum 
the  fibres  of  the  corpora  quadrigemina  are  involved  and  the  reflex 
acts  of  the  pupils  are  afl'ected  as  they  are  in  lesions  of  the  optic  tract. 
Then  tlie  liemiopic  pupillary  reHex  of  Wernicke  can  be  elicited.  (See 
Chapter  XXXIV.)  lesions  limited  to  the  corf  jora  quadrigemina,  while 
causing  disturbances  in  the  movement  of  the  two  eyes^  double  \ision, 
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and  imperfect  pupillary  reflexf*s,  do  not,  when  alone,  cause  tiny  loss 
of  vision.  Tliey  iiroduee  vertigo  and  a  staggering  gait,  like  cerel>t*llar 
disease,  from  implication  of  the  red  nuclei  lying  under  the  corpora 
quadrigemina, 

Heniianopi^ia  may  be  due  to  a  lesion  in  the  optic  tract  on  one  side. 
It  is  then  associated  with  Wernicke's  hemio|iic  pupillary  reflex,  (See 
Chajiter  XXXIV.)  The  optic  tract  lies  upon  the  crus,  and  lesions 
affecting  it  often  simultaneously  affect  the  motor  tract,  and  cause 
hemiplegia,  and  also  involve  tiie  oculomotor  nerve,  causing  ptosis  and 
double  vision  (see  page  4'S2).  Tlie  forms  of  hemianopsia  due  to  lesions 
in  the  optic  chiasm  are  descriljcd  in  Chapter  XXXIV, 
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Lesions  of  the  occipital  lobe,  or  of  the  internal  capsule,  or  of  the 
basal  ganglia  do  not  cause  blin(hiess  of  one  eye,  as  was  formerly  held 
by  Cliarcot  and  Ferrier.  A  blinilness  in  one  eye  or  a  concentric 
diminution  of  tlie  visual  field  of  one  eye  is  due  either  to  functional 
disturl)ance  (hysteria)  or  to  a  lesion  of  the  of)tic  nerve,  visible  by  the 
ophthalmoscope. 

Disturbance  of  be&rmg  is  rarely  due  to  disease  in  the  brain  unless 
this  disi^asf*  afTecls  botli  temjioral  lobes  or  tlie  tracts  tn  thetn.  EiK^h 
ear  is  connected  with  i)oth  temporal  lolx^,  hence  a  unilateral  lesion 
fails  to  cause  total  deafness^  and  there  is  no  such  thing  as  a  partial 
cortical  deafness  to  high  or  low  sounds  or  t(»nes  which  might  be 
analogous  to  hemianopsia  or  hemichromatopsia.  A  cortical  deaf- 
ness»  tlierefore,  has  not  been  observed  excej^ting  in  a  few  rare  cases 
W'here  both  temporal  lol)es  have  been  destroyed.  In  these  cases  the 
patient  has  l»econie  totally  deaf.  The  exact  localization  of  the  audi- 
tory centres  is  in  the  rniildle  part  of  the  first  temporal  convolution, 
and  extends  to  the  adjacent  cortex  witliin  the  Sylvian  fissiu-e  and 
over  the  convexity  into  the  second  temporal  convolution.     In  cajsea 
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of  congenital  deaf  mutes  these  parts  are  found  to  be  atrophied.  In 
some  cases  of  irritating  lesions  of  this  area  Jacksonian  attacks  of 
epilepsy  have  been  preceded  by  an  auditory  aura,  loud  sounds,  bells, 
whistles,  etc.,  being  heard  just  as  the  attack  was  coming  on. 

Psychical  Deafness.  Our  auditory  perceptions,  like  thost*  of 
sight,  leave  behind  them  a  trace  which  constitutes  our  auditory 
memory.  We  have  such  memories  of  sounds,  of  musical  melodies 
and  harmonies,  and  also  of  words  heard.  Hence  lesions  in  the 
auditory  area  may  deprive  a  patient  of  these  memories,  even  though 
he  may  retain  his  power  of  hearing.  It  is  an  extraordinary  fact  that 
our  memories  of  things  heard  appear  to  be  stored  in  one  hemisphere 
only,  the  left  in  right-handed  and  the  right  in  left-handed  persons. 
Hence  psychical  deafness  and  amusia  and  word-deafness  are  symp- 
toms of  a  unilateral  lesion  of  the  temporal  cortex. 

A  patient  with  psychical  deafness  no  longer  recognizes  any  noise 
or  sound.  The  bark  of  a  dog,  the  cry  of  any  animal,  the  sound  of 
waves,  or  bells,  or  whistles,  the  voice  of  a  familiar  person  no  longer 
awakens  recognition,  and  such  sounds  cannot  be  called  to  mind. 

A  patient  with  amusia,  which  is  a  variety  of  psychical  deafness, 
no  longer  recognizes  melodies  and  harmonies  with  which  he  was 
familiar.  He  no  longer  takes  pleasure  in  hearing  music  or  operas  in 
which  he  may  formerly  have  delighted,  and  all  music  seems  to  him 
new  and  strange.  He  cannot  call  to  mind  familiar  tunes,  and  hence 
cannot  sing  or  hum  them. 

Word-deafness.  A  patient  with  word-deafness,  which  may  occur 
independently  of  or  in  connection  with  amusia  and  mind-deafness, 
is  no  longer  able  to  recall  the  names  of  objects,  and  is  no  longer 
able  to  understand  spoken  language.  He  is  like  one  who  hears  an 
unknown  tongue.  He  hears  the  sounds  of  voices,  but  attaches  no 
meaning  to  what  is  said.  He  may  be  able  tc)  n»ad  and  he  may  be 
able  to  speak  in  the  sense  of  saying  words  correctly,  but  he  usually 
talks  jargon,  as  the  sounds  no  longer  guide  his  talking.  This  is 
the  second  and  more  common  form  of  sensory  aphasia. 

Our  auditory  memories  of  words  are  the  first  to  be  acquired  in 
infancy,  and  long  before  an  infant  can  talk  he  has  learned  to  associate 
the  sound  of  names  with  their  corresi)onding  objects.  Tlie  memory 
pictiu-es  of  objects,  acquired  chiefly  by  sight,  but  also  by  all  other 
senses,  are  the  fundamental  basis  of  thought  in  all  animals,  and  these, 
grouped  together,  form  the  concejit  of  each  object  which  they  know. 
To  this  concept  is  soon  joined  by  association  the  sound  of  its  name; 
later,  in  man,  the  motions  needed  to  produce  this  sonnd  are  learned; 
lastly,  the  appearance  of  the  letters  making  this  w^rd,  and  finally, 
the  motions  necessarj-  to  write  the  word.  The  auflitorj'  memories 
are  not  only  the  first  speech  c»lements  aerjuirefl,  they  are  the  uuii^i 
important.  Reading  anrl  writing  are  .^uborflinate  to  H[>fech,  a  result 
of  the  later  evolution  of  language,  anrl  are  an  evidenee  (A  erlucation, 
not  of  natural  acqui.«jition.  The  sounri  of  objfets  in  nature  has  In-en 
taken  to  indicate  these  objects  in  the  early  evf>lutir)n  of  -f^er-e}),  and 
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is  still  SO  in  the  education  of  many  infants.  Tlie  baby  learns  ^*  bow- 
wow*'before  it  learns  **  dog/'  The  study  of  language  reveals  that 
a  large  iHiml)er  of  words — e,  g.,  murmur,  whisper,  pulT,  bang — have 
a  similar  origin/  As  our  knowledge  of  the  names  of  objects  is  con- 
stantly growing,  as  we  acqiiii'e  new^  languages,  it  is  evident  that  our 
auditoiy  memories  are  constantly  increasing  in  number.  We  must 
believe,  thereftrre^  that  the  cortical  area  in  whicii  they  are  stored 
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varies  in  size  in  different  persons,  according  to  the  degree  of  educa- 
tion in  language.  This  is  proven  by  cases  of  gradually  advancing 
diseases  in  tliis  area.  I  have  a  patient  who,  as  such  disefise  went 
on,  lost  first  his  memory  of  English,  then  of  Gremian,  and  finally  of 
Frencliy  the  latter  being  his  native  tongue.  The  names  of  objects 
first  acquired  appear  to  persist  longest  in  memorj*.     Thus  a  patient 
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who  is  word-deaf  will  often  ci  jniprehend  single  words  when  he  cannot 
understand  a  sentence,  and  one  finds  one's  self  unconsciously  talking 
to  an  aphasic  very  much  as  ooe  talks  to  an  infant.  The  condition  of 
word-deaf oess  tiuiy  he  and  usually  is  incomplete,  soDie  words  Wing 
recognized  and  remembered  and  others  forgotten.  Some  patients 
retain  nouns,  but  forget  adjectives  and  verbs  and  prepositions.  Others 
lose  all  nouns  and  talk  in  roundabout  jihrases,  Thas  one  of  my 
patients  could  not  nanie  a  knife  or  a  seissoi-s,  but  said  **it  is  the  thing 
you  cut  with."  Occasionally  all  the  word-memories  are  lost  and 
nothing  that  is  heard  is  understood. 

The  lesion  of  word-deafness  is  located  in  the  cortex  and  subcortical 
region  just  beneath  it  in  the  first  and  second  temporal  covolutions, 
an  area  a  little  mder  than  that  concerned  in  hearing  alone.  Fig*  189 
shows  the  location  of  the  lesion  in  six  cases  of  this  kind. 

The  Auditory  Tract.  Deafness  from  subcortical  lesions  is  a  rare 
sjTOptom.  Fig.  190  shows  the  course  of  the  auditor}^  nerve  impulses 
from  their  entrance  into  the  nie<_lulla  to  their  termination  in  the 
cortex. 

The  neurone  bodies^  of  which  these  fibres  are  the  axones,  he  inthe 
spiral  canal  of  the  cochlea.  It  is  the  cochlear  division  only  of  the 
eighth  nerve  which  has  to  do  with  hearing. 

ACf  the  acoustic  nerve  filjres,  enter  the  side  of  the  medulla  in  a 
large  trunk.  We  can  distinguish  fourteen  different  sets  of  fibres. 
Many  of  these  fibres  (1-H)  penetrate  the  medulla  opposite  the  entrance 
of  the  nerve,  Othei's  (9-14)  turn  upward  on  entering,  and  penetrate 
the  pons  at  a  little  higher  level.  These  various  fibres  pass  to  different 
destinations;  1  crosses  through  the  olive^  turns  upward  in  the  inter- 
olivary  tract,  an<!  enters  the  opposite  lenuiiscus,  and  passes  up  in  it; 
2  terminates  about  a  neurone  body  in  the  ventral  nucleus  (^^EN). 
From  this  body  an  axone  arises  which  crosses  to  the  opposite  side 
and  turns  u)jward  in  the  lenuiiscus;  3  terminates  about  a  neurone 
body  in  the  ventral  nucleus  (\^EN).  From  this  body  an  axone  arises 
which  passes  ui>ward  in  the  lemniscus  of  the  same  side;  4  terminates 
about  a  neurone  body  in  the  ventral  nucleus  (\\EN).  From  this  body 
an  axone  arises  wiiich  pai>ses  about  the  outer  sitle  of  the  medulla 
through  the  tuberculum  acusticuni  (T)^and  thence  through  the  for- 
matio  reticularis  of  the  medulla  to  the  raph^,  where  it  crfisses  to  the 
opposite  side  and  turns  upward  in  tlu*  lenuiiscus;  5  terminates  about 
a  neurone  body  in  the  dorsal  nucleus  or  tuberculum  acusticum  (T). 
From  this  body  an  axone  passes  through  the  formatio  reticularis  into 
the  lemniscus  oi  tlie  same  side  and  turns  upward  in  it;  6  terminates 
about  a  neurone  l)ody  in  the  dorsal  nucleus  (T).  From  this  body  an 
axone  passes  tlu*ough  the  formatio  ret icularisj crosses  in  the  rajjh^^  and 
enters  the  lemniscus  of  the  opposite  side,  tin-ning  upward  in  it ;  7  ter- 
minates about  a  neurone  body  in  the  dorsal  nucleus  (T).  From  this 
body  an  axone  passes  across  the  floor  of  the  foiuih  ventricle  in  the 
striae  acusticae  to  the  raphe^  tm^ns  downward  in  it,  crosses  to  the 
other  side,  enters  the  lemniscus  and  turns  upward  in  it;   8  passes 


Tb«  Auditory  tract.  TH.  opUt  ttuil&inue ;  IHT,  tut.  CApsQie ;  CI,  eorp.  sentculAtum  Int.  i  T8M, 
Umpoiml  lobe;  L.  Itimnitciu;  CgA,  corp,  qaadrigi^mlnum  iLnt. ;  CQP^  oorp.  qxuA,  piMt. ;  B,  red 
Dueieiu  of  tmrmeotum ;  SN,  tiib«tantJa  nigra;  CE,  corp.  gpnlculfttiim  ezt, ;  P,  ptt  p««laacull  and 
prnanidal  tract:  NU,  inicletii  of  lemniscus;  VEN.  ventral  uycleua  of  auditory  nerve:  V,  fifth 
tierv«  ;  OI#,  oUtiiry  nueltsiia ;  O.  tillvt* ;  X.  (l4!cuiMtion  of  audltof  y  flhrc$;  AC,  auditory  nerre  ttom 
coehlm.  i  T,  dofaal  nuclcui  of  auditory  nerve. 
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through  the  dorsal  nucleus  into  the  striae  aeustica'  and  accompanies 
7  in  its  course. 

The  ventral  nucleus  of  the  au<litory  nerve  consists  of  a  long  column 
of  cells  which  extend  upward  into  the  pons.  Hence  in  a  section 
through  the  lower  half  of  the  pons  the  ventral  nucleus  is  still  ^-isible 
(VEN)  and  the  fibres  ascending  from  the  auditory  nerve  trunk  to 
terminate  in  or  to  pass  through  this  nucleus  (Hl>res  9-14)  are  easily 
traced.     The  coiu-se  and  ending  of  these  fibres  is  as  follows: 

No.  9  turns  inward  and  ends  about  a  neurone  body  lying  in  the 
upper  olivary  nucleus  (01.).  From  this  body  an  axone  arises  which 
crosses  the  median  line  in  the  traiieziuiu,  enters  and  ascends  in  the 
opposite  lenmiscus;  ID  terminates  about  tiie  neurone  bo<iy  in  the 
ventral  nucleus,  whence  a  new  axcme  arises  and  passes  to  the  i>Iivary 
nucleus,  terminating  about  a  neurone  body  there»  From  this  neu- 
rone body  an  axone  arises  wfiich  joins  9  and  pin-sues  the  same  course; 
11  passes  through  the  ventral  nucleus  arai  eiuls  a!>out  a  neurone 
body  in  the  mass  of  gray  matter  lying  adjacent  to  but  ventral  of  the 
lemniscus,  and  dorsal  of  the  olivary  nucleas.  This  is  the  trapezoid 
nucleus.  From  its  neurone  bodies  axones  arise,  some  of  which  enter 
the  lemniscus  of  the  same  side,  but  many  of  which  cross  tlie  median 
line  to  enter  the  lemniscus  of  the  opposite  side  anti  ascend  in  it;  12 
terminates  in  the  ventral  micleus  about  a  neurone  body.  This  body 
sends  its  axone  to  the  collection  of  neurones  lying  within  the  deep 
transverse  fibres  of  the  pons,  the  trapezoitl  boily.  These  neurone 
bodies  in  turn  send  their  axones  into  the  lemniscus  of  the  same  and 
of  the  oj>|)osite  side;  13  terminates  about  a  neurone  body  in  the 
ventral  nucleus.  The  botiysends  an  axone  directlyinto  the  lemniscus 
of  the  same  side;  14  passes  through  the  ventral  nucleus  and  crosses 
in  the  tni}>eZ4*iil  from  the  opposite  side,  where  it  turns  upward  in  the 
lemniscus. 

It  is  thus  evident  that  all  the  hbres  of  the  acoustic  nerve,  so  far 
as  its  cochlear  di\dsion  is  concertied,  transmit  their  impulses  into  the 
lemniscus  of  the  same  or  of  the  o{>posite  side.  The  trapezoid  fibres 
may  lie  termed  the  acoustic  decussation  or  rhiasm,  and,  as  in  the 
optic  cliiasm,  the  majority  of  the  fibres  cross  to  the  opposite  side  (X). 
The  termination  of  fibres  ascending  in  the  lenmisciLs  is  very  complex. 
(a)  Some  fibres  terminate  about  the  cells  of  the  nucleiLs  lemnisci  in 
the  pons  (Nu)  wliich  nucleus  in  turn  sends  axones  to  the  corpora 
quadrigemina  of  the  same  and  of  the  opi>osite  side  (15).  (h)  Some 
fibres  terminate  about  the  large  quaihipolar  cells  of  the  posterior 
corpus  quadrigeminuni  (16)  (CQP).  (c)  Sonw  fibres  terminate  about 
the  large  cells  of  the  first  layer  of  cells  in  the  anterior  corpus  quadri- 
geminum  (17)  fCQA),  id)  Many  filires  terminate  aljout  neurone 
bodies  in  the  corpus  genieulatum  internum  (CI),  whence  new  axones 
arise  which  piiss  to  the  cortex  of  the  temporal  lobe  (TKM).  (e)  Some 
fibres  pass  directly  through  the  internal  capsule  from  the  lemniscus 
to  the  temjjoral  lo!)e. 

Since  each  of  the  nuclei  in  which  lemniscus  fibres  terminate  is 
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connected  with  motor  mechanisms  as  well  as  with  the  cortex  of  the 
temporal  lobe,  it  is  evident  that  the  anditory  ioipulses  can  awaken 
numerous  reflex  and  automatic  acts  as  well  as  conscious  sensations 
of  hearing;  Hence  the  act  of  turning  eyes  and  head  or  assuming 
postures  of  strained  listening  and  other  automatic  act6  are  made 
possible  by  these  fibres. 

Fig,  190  show^s  that  the  connection  of  each  ear  is  with  both 
sides  of  the  brain,  but  that  the  crossed  connection  is  more  extensive 
than  that  with  the  same  side.  The  diagram  does  not  show  the 
existence  of  a  corresponding  set  of  neurones  whose  axones  pass  in 
the  direction  the  reverse  of  those  shown.  Degenerative  changes  after 
experimental  injuries  prove  their  existence.  Hence  a  secontl  rha- 
gram  might  be  draw^n  showing  axones  of  exactly  complementary 
course.  These  are  omitted  from  this  diagram  for  the  sake  of  clear- 
ness. 

It  is  evident  that  a  lesion  limited  to  one  lemniscus  will  not  cause 
deafness  any  more  than  a  lesion  limited  to  one  temporal  lube.  There 
are  cases  on  record,  however,  in  which  the  lemniscus  on  both  sides 
has  been  affected  in  pons  lesions  and  in  tliesc  deafness  has  occurred. 
In  six  out  of  twenty-four  cases  of  limited  lesions  in  the  pons,  which 
I  collected  some  time  ago,  there  was  deafness.  Hence  in  any  case 
where  a  poos  lesion  is  suspected  from  its  characteristic  syTiiptonis, 
viz.,  alternating  paralysis  {see  page  433),  alternating  anaesthesia  (see 
page  446).  or  cranial  nerve  palsies  (see  Chapter  XXXIV.),  it  is  w^eQ 
to  test  for  deafness,  and  if  it  is  found  to  regard  it  as  a  local  symptom 
of  disease  of  the  lateral  part  of  the  lemnii^cus  in  the  cerebral  axis. 

Diaturb&nce  of  the  iensQ  of  smell  is  occasionally  elicited  in  diseases 
of  the  brain.  This  sense,  w^hich  is  of  vital  importance  to  animals^ 
being  their  chief  guide  to  food,  is  of  little  importance  to  man,  and 
hence  its  organs  are  gradually  undergoing  retrograde  evolution.  In 
the  mammals,  and  especially  in  carnivora,  the  olfactory  bulb  and  its 
cerebraltracts  are  enormous  and  are  the  best  protected  of  all  parts  of 
the  brain  from  injury,  lying  deep  within  the  cranium.  Fig.  191, 
from  Dejerine,  shows  the  oumerous  cormections  of  the  olfactory  bulb 
and  fibres  and  their  relations  to  tlie  subcortical  ganglia,  and  their 
termination  in  the  uncinate  gyrus  and  nucleus  amygdalus  which  lie 
at  the  apex  of  the  temporal  lobe.  It  is  io  tliis  area  that  physiologists 
have  located  the  sense  of  smell  in  the  cortex.  It  is  not  improbable 
that  here,  too,  is  located  the  sense  of  taste,  its  tract  coming  from 
the  optic  thalamus  by  way  of  the  trigonum.  The  taste  impulses  can 
reach  the  thalamus  from  the  fifth  nerve  nucleus  by  way  of  the  for- 
matio  reticularis.     (See  Chapter  XXXIV.) 

There  are  a  few  cases  on  record  in  w^hich  irritation  of  the  apex  of 
the  temporal  lobe  has  caused  halluciDations  of  smell  or  of  taste. 
Such  hallucinations  may  precede  Jacksonian  epileptic  attacks,  as  in 
a  case  of  Hamilton  and  one  of  Jackson,  in  both  of  which  local  menin- 
gitis had  affected  both  uncinate  g>Ti.  Destructive  lesions  of  this 
area  with  loss  of  smell  have  not  as  yet  been  recorded.    The  usual 
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cause  of  a  loss  of  sniell,  when  not  clue  to  nasal  disease,  is  some  loeal 

lesion  on  the  base  in  the  frontal  \o\m:%  destrojing  the  olfactory  bulb 

or  tract. 

Fio.  m. 


The  olfactory  ayttcm  ftDd  tracts.  Bol,  olfactory  bt^lb ;  Pol,  olfactory  met;  Rolp,  deep  olftctorj 
fibres;  Roll,  iDCern&l  ol&ctory  iibres ;  Role,  external  olfactory  fibres.  The  deep  fibre*  pas  to  the 
thalamua  tTb)  and  tU  nuclei ;  Tc,  tuber  cinereum  ;  Tm,  tuber  ma  mm  Ilia  re,  and  to  tac,  taenia  aemi- 
oircQlaxii,  anil  tth,  t«enla  thalainl ;  also  into  the  anterioi'  commlasure,  coa.  The  internal  olfactoiy 
fibroi  paw  Into  the  §tria'  of  Ijinclai,  »L<  and  thus  to  the  fasclolii  clnorea,  Fc.  The  external  olfactory 
rlbrM  paas  directly  to  the  uncinate  gynia,  U.  Tg,  fomlx  from  the  corpiis  mammillare  (Tm)  to 
Ammon*«  boro  (Cg) :  NA,  nncleui  amygdaloc ;  Clng,  cVuKtiliim ;  Cc,  ooriMU  callosum ,  Fc,  faac. 
dnereai  FG,.  Guddeti's  foactcoliLs;  FM,  fbac.  retroltexiia  of  Meynert;  Na,  ani.  due.  of  thalamua; 
f;lp,  tnterpedQDcnlar  ^anglkm  ;  Gb,  gatigtioii  babenula;  Qa.  Qp,  corp.  quadrigemina :  Fo,  pons; 
VA.  fiifldc.  Vlcq.  d'Aiyr.    (l>ejerine.) 

Fio.  132. 


The  olfactory  bylb  and  tract*  A,  gchneJderian  membrane  in  noae  In  which  lies  peripheral  olflic- 
Ifiry  neurone-  B,  gloroerylua  of  olfactory  bulb;  C,  mitral  cells  with  dendrites  in  B  and  axones 
In  D  ollJftctory  lobe;  E.  grannie  cells:  F.  c«lli  In  olfiactory  lobe;  H,  G,  flbren  of  olftictory  tract. 
(Ramon  j  Cajal.) 

Diiturb&QC6  of  the  Bonse  o!  taste  as   a  local   symptom   of  brain 
tlisease  has  not  l>een  observed.    The  nerves  concerned  in  this  sense 
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are  the  fifth  and  ninth,  and  a  loss  of  ta.st€  must  still  be  referred  to 
their  affection.     (See  Cliapter  XXXIV,) 

We  have  niemories  of  siiie  11  and  taete  which  are  undoubtedly  stored 
in  the  cortex  of  the  uncinate  gyrus  and  which  go  to  make  up  the 
concejits  of  objects  which  possess  odor  and  flavor.  We  have  no 
record  of  cases  of  psychical  anosnna,  though  such  symptoms  are 
I^erfectly  possible. 

Disturbance  of  Thoue^bt  and  in  the  Use  of  Language.  Thus  far  the 
symptoms  produced  by  a  lesion  in  one  functional  area  of  the  cortex 
or  in  the  tract  leading  to  it,  or  from  it  through  the  brain  iiave  been 
considered,  and  also  the  possible  combinations  of  these  symptonas 
when  adjacent  areas  or  tracts  are  involved  together.  But  while  the 
cortical  areas  have  undoui>tedly  distinct  functions,  it  is  not  to  be 
forgotten  that  they  are  closely  joined  to  one  another  by  means  of  the 
multitude  of  association  fibres  and  commissural  fibres  which  go  to 
make  ui>  the  larger  part  of  the  white  matter  of  the  centrum  ovale. 

It  can  be  shown  by  careful  dissection  that  each  convolution  is 
joined  to  the  two  adjacent  convolutions  by  fibres  which  pass  around 


The  «s90cUtlon  nbr^.  A,  between  iiilJaceEit  eoiivolutionj ;  B,  between  frontal  and  oecit>aat 
arau;  C,  beEweeii  fronUl  Aird  t€mp(»rat  areAs,  cliigiilum ;  D,  between  froDt&L  and  icmpoiml  ftreM, 
flwQtculus  unciQiitUfl;  £,  between  ocdpltml  And  temponl  areiA,  fluclculue  tongiiudlnalLi  inlbrlor: 
CN,  CAQdaM  DQcletaii  OT,  opilc  thalamus. 


the  separating  fiasures.  (Fig,  193.)  Also,  that  bundles  of  fibres  exist 
which  piiBH  from  each  convolution  to  the  convolution  next  but  one, 
and  so  on.  Hence,  it  may  l>e  stated  that  each  wnn^olution  has  a 
poasil)le  connection  with  every  other.  Bi^sides  this  association  of 
convolutions  by  small  bundles  of  fil>res,  it  is  possible  to  find  a  dis- 
tinct mi  of  association  tracts  which  pass  tetween  more  or  less 
distant  regions.  One  such  tract  piUKses  froiii  the  frontal  lot>e,  col- 
lecting its  bundles  from  all  three  convolutions,  liackward  to  the 
Dcci]*ita!  lobe.  Another  tract  joins  the  occipital  with  the  anterior 
part  of  the  temporal  lobe.  Another  fKUs^ses  from  t!ie  upper  two  tem- 
poral convolutions  forward  to  the  third  frontal  convolution,  passing 
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beneath  the  island  of  Reil.  And  a  tract  from  the  frontal  to  the 
posterior  temporal  area  may  also  be  found.  Their  relative  degree 
of  development  in  animals  is  directly  in  the  ratio  of  the  cortical 
development,  and  their  actual  number  is  an  index  of  mental  capacity. 

The  function  of  these  association  fibres  is  to  form  the  physical 
basis  for  the  association  of  concrete  memories  and  of  psychical  acts, 
and  their  integrity  is  necessary  to  thought.  By  studying  subjec- 
tively the  association  of  ideas  in  the  mind  the  importance  of  their 
function  becomes  evident. 

We  have  aheady  seen  that  each  sensory  impression  leaves  a  mem- 
ory picture  which  is  the  basis  of  our  recognition  of  an  object.    But 

FlO.  194. 


Diagnun  to  illustrate  the  concept  "  bell "  and  to  show  the  varieties  of  ap»zia  and  aphasia.  The 
memoir  pictares  are  relics  of  past  perceptions  receiyed  through  different  senses.  Their  association 
makes  np  the  mental  image  bell.  The  word  image  is  made  up  of  the  memories  of  the  sound  and 
appearance  of  the  word,  and  of  the  uttering  and  writing-effort  memories ;  these  are  Joined  together. 
Ilie  mental  image  and  the  word  image  are  also  Joined  with  one  another,  making  up  the  concept 
"beU."    (Charcot.) 

each  object  produces  on  the  mind  a  number  of  different  impressions 
simultaneously.  These  are,  therefore,  associated  together  in  the 
mind  and  form  a  concept  consisting  of  numerous  memory  pictures 
joined  together  by  meaas  of  the  a.ssociation  fibres  in  the  brain. 
These  fibres  form  as  essential  a  part  of  concepts  as  the  various 
memory  pictures.  Thus  a  single  memory  picture  has  little  meaning 
unless  it  is  associated  with  others ;  a  new  object  seen  has  to  be  brought 
into  relation  with  objects  already  known  before  it  becomes  under- 
stood or  fixed  in  the  mind.  It  must  also  be  brought  into  relation  with 
its  name.     And  thas  the  simplest  object,  ^^a  rose"  or  ''a  bell,"  is 
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known  only  when  the  numerous  sensory  impressions  which  it  awakens 
are  united  into  a  complex  mental  substratum.  We  have  no  single 
ideational  centre  or  concept  centre  in  the  brain,  but  each  concept  is 
made  np  of  many  pictures.  This  is  shown  in  the  <iiagram  of  Charcot 
of  the  concept  bell.  (Fig.  194.)  When  we  hear  a  peal  and  it 
awakens  the  memory  of  the  word  **beir'  and  also  the  appearance  of 
a  large  church  bell  or  small  dinner  bell,  whose  shape  and  cold^  hard, 
metallic  feel  antl  weight  can  be  cfdled  to  mind,  and  when  we  recollect 
the  corresponding  word  in  French  or  German  or  any  other  language 
that  we  know,  and  also  recall  the  effort  needed  to  pronounce  the 
corresponding  word  in  our  own  and  in  the  foreign  tongue,  and  also 
to  wTite  it  and  to  read  the  letters  that  make  up  the  word,  we  have 
merely  arousr*d  in  consciousness  one  after  anotlier  a  number  of 
dormant  memory  pictures  by  sending  impulses  over  association  fibres 
that  unite  these  pictures  together.  Hence,  association  fibres  are 
necessary  to  thought,  and  a  1  jreak  in  them  or  a  destruction  of  their 
terminal  stations  will  impair  mental  action. 

The  loss  of  concepts  has  been  termed  apraxia.  The  loss  of  speech 
has  been  termed  apbasiiL  We  have  already  considered  the  varieties 
of  apraxia,  viz,,  psychical  blindness,  psychical  deafness,  atnnesia, 
astereognosis. 

Aphasia.  The  symptom  aphasia  requires  further  consideration. 
We  have  already  seen  that  the  basis  of  language  is  a  series  of  memory 
pictures;  (1)  of  the  sound  of  a  word;  (2)  of  the  effort  necessary  to 
enunciate  it ;  (3)  of  the  appearance  that  its  printed  or  written  symbols 
present;  and  (4)  of  the  effort  needed  to  produce  these  symbols  in 
writing.  These  memory  pictures  are  intimately  connected  with  each 
other  by  means  of  association  fibres  which  pass  in  all  directions 
between  the  areas  in  wliicli  they  are  located.  They  are  also  joined  to 
the  memory  pictures  which  make  up  the  concept.  They  are  so  inti- 
mately joined  that  if  one  is  lost  all  the  others  feel  the  effect,  and 
a  break  in  the  mechanism  leads  to  a  defect  in  the  act  of  speech. 

The  defects  of  speech  are  broadly  divided  into  sensory  and  motor 
aphasia,  according  to  the  predominant  feature  of  the  defect.  Sen- 
sory aphasia  consists  in  a  lack  of  power  to  recognize  or  to  recall  the 
sound  or  appearance  of  words.  If  the  sound  alone  is  lost  the  con- 
dition is  termed  wordnleaf ness ;  if  the  appearance  is  lost  the  condition 
is  termed  word-blindn(.*ss.  Motor  aphasia  consists  in  a  lack  of  power 
to  initiate  the  effort  and  set  in  action  the  motor  mechanism  needed 
to  pronounce  or  to  wTite  a  word.  The  former  is  termed  motor  or 
ataxic  aphasia,  the  latter  motor  agraphia.  They  are  usually  asso- 
ciated. 

L  Word-deafness.  If  the  memorj^  of  the  sound  of  the  w^ord  is 
lost  tlie  word  cannot  be  called  to  mind  and  caimot  be  recognisEed 
when  heiu-d.  Show  the  patient  a  watch,  and  he  is  unable  to  name  it; 
tell  him  it  is  a  stone,  a  match,  a  watch,  and  notice  whether  he  dis- 
sents from  the  former  antl  gives  signs  of  satisfaction  at  the  last.  If 
he  does  he  has  only  auditory  amnesia  or  partial  word-deafness.    He 
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retaiDS  the  soumi  rneiiiory  pictiu-e,  and  it  can  be  aroiitsed  by  hearing 
it;  hence  the  lesion  is  not  in  the  cortex  where  the  menior}^  lies, 
but  he  cannot  make  the  connection  between  the  sight  of  the  object 
and  it.  Here  the  nieinnry  picture  of  tlie  sound  of  its  name  can 
be  awakened  directly  through  ttie  ear — that  is,  by  one  of  the 
tracts  to  the  cortex,  if  not.  by  another.  Hence  in  such  a  case 
the  lesion  must  be  subeorticab  If,  however,  he  does  not  recog- 
nize the  sound  of  the  name  when  heard  he  is  totally  word-deaf  and 
is  unable  to  understand  what  is  said  to  hmi.  Such  a  patient,  there- 
fore, is  in  the  conchtion  of  a  man  w^ho  hears  a  foreign  language ;  he 
hears  sounds,  but  attaches  no  meaning  to  them.  He  makes  no  asso- 
ciations between  the  word  and  its  concept.  He  does  not  understand. 
This  condition  \isually  ver}^  much  impairs  liis  use  of  w^ords,  for  he  is 
unable  to  call  to  mind  the  sound  of  the  word,  and  therefore  is  unable 
to  say  it.  But  the  motor  act  of  pronunciation  may  be  initiated  if 
the  impulse  can  be  sent  to  its  centre  without  pa^ssing  through  the 
auditory  centre.  This  is  the  case  iu  exclamations,  when  one  «!oes 
not  choose  his  wortls ;  hence  many  jjatients  can  swear,  though  they 
cannot  talk.  If,  in  a  patient  with  word-deafness,  there  is  no 
accompanying  word-blindness,  he  may  be  able  to  read  aloud 
as  well  ns  to  liimself — that  is,  his  motor  speech  memory  may  be 
aroused  by  way  of  his  ^dsual  memories  without  the  intervention 
of  the  auditory  memories.  And  if  he  has  no  apraxia  it  is  also  pos- 
sible for  any  of  the  concept  memories  to  awaken  the  motor  speech 
memory;  hence  the  thought  of  an  oliject  or  seeing  it  may  lead  to  the 
enunciation  of  its  name  without  thought  of  how  the  name  sounds 
For  this  reason  patients  who  are  w^ord-deaf  and  cannot  understand 
what  is  said  to  them  may  be  able  to  talk  fairly  well. 

The  lesion  in  total  word-deafness  Ls  located  in  the  middle  part 
of  the  cortex  of  the  first  and  second  temporal  convolutions  in  the 
left  hemisphere  in  right-handed,  and  in  the  right  in  left-handed 
persons.     (See  Fig.  189,  page  456.) 

2.  Word-blindness.  If  the  memory  of  the  appearance  of  the 
word  is  lost,  the  \isual  image  of  it  cannot  be  called  to  mind  or  recog- 
nized, and  then  tlu^  patient  w^ill  be  unable  to  read,  becaiLse  the  sliapes 
of  the  letters  and  words  seen  arouse  no  recollection.  This  is  also 
termed  alexia.  He  will  also  be  unalile  to  wTite  spontaneously,  for 
he  cannot  remember  liuw  the  letter  that  he  wishes  to  \\Tite  looks. 
As  a  matter  of  fact,  words  are  forgotten  more  easily  than  letters,  and 
if  a  patient  is  to  relearn  to  read  he  mast  begin  with  letters^and  go  on 
to  words.  Figures  are  sometimes  recalled  when  words  are  forgotten, 
and  many  a  patient  can  do  mathematical  calculations  on  papcT  %vho 
cannot  read  or  write  ordinary  words.  The  reverse  may  also  be  true, 
the  patient  biding  al>le  to  read  and  write,  l)ut  Ixung  unable  to  under- 
stand or  to  WTite  hgures  or  to  calculate.  Such  jiatients  may  play 
cards  or  other  gamers,  if  they  are  not  psychically  blind.  It  is  not 
infrequently  the  case  that  jjersons  who  are  thus  word-blind  can 
write  at  dictation,  or  copy,  and  yet  show  no  e\idence  of  undcrstand- 
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iiig  what  has  jiist  been  written.  Here  the  writing  centre  haa  been 
called  into  activity  through  sorae  association  tract  without  tlie  inter- 
vention of  the  word  nriemory  picture.  A  distinction  must  be  made 
between  tlwxse  wln>  have  lost  the  memory  picture  and  those  in  wliom 
it  cannot  be  recalled  by  ordinary  means.  The  first  have  cortical 
word-blindness;  the  second  have  subcortical  word-blindness.  The 
word  memory  picture  may  be  cut  off  from  its  ordinary  chamiels  of 
connection  vdth  other  memory  pictures  and  yet  remain  intact.  In 
such  a  case  some  roundabout  road  to  it  vnll  lead  to  its  revival  in 
consciousness,  and  it  will  be  found  to  be  preserved,  though  inacces- 
sible by  ordinary  means. 

The  condition  of  visual  amnesia  witli  word-blindness  is  due  to  a 
lesion  involving  tlie  inferior  parietal  convolutions  and  angular  gyrus, 
and  is  often  associated  with  psychical  l>lindnt^s,  but  may  occur 
indei>ejidently  of  it.     (See  Fig,  187,  page  452.) 

Word-<ieafness  and  word-blindness  frequently  occur  together,  and 
then  the  lesion  is  found  involving  both  the  temporal  convolutions 
and  the  angular  gyrus. 

3.  Optical  Aphasia  or  Ixtercortical  Sknsory  Aphasia.  Ulien 
the  association-fibres  between  the  memories  of  sight  and  thii  mem- 
ories of  sound  are  severed  a  com! it  ion  of  apliasia  results  which  is 
characterized  by  an  inability  to  nH'all  the  name  of  a  thing  seen 
and  to  |>icture  to  the  mind  the  a|)peanince  of  a  thing  nametl.  Yet 
the  name  is  recognized  wlien  heard  and  the  object  is  recognized  when 
seen.  This  condition  has  \jeen  described  under  different  names  by 
different  obs<*rvers.  Freund*  named  it  optical  a|»hasia  or  transcor- 
tical apha-'-ia,  and  these*  terms  are  used  by  the  Germans.^  I  pn^fer 
the  term  intercortical  si'usory  aphasia  as  less  obscure  and  misleading, 
A  patient  sufTering  from  this  type  at  apliasia  has  not  lost  iiis  memory 
pictures,  for  he  is  able  to  recognize  anything  once  heard  or  seen.  He 
can,  therefore,  hear,  unflerstand,  and  rt»ad;  but  if  lie  is  asked  to  call 
to  his  mind  some  place  or  i>erson  wliose  name  is  given^c.  ff. ,  Lake 
George,  Lake  Cbmo^  President  McKinley-^he  cannot  do  so.  The 
impulse  startetl  from  the  wt>n!'hearing  centre  cannot  reach  and 
arouw^  the  visual  memories;  nor  can  the  association  be  made  in  the 
opposite  direction,  for  if  he  is  shown  an  oliject  i»r  a  person — a  watch, 
a  chain,  or  some  familiar  ftice — he  cannot  recall  the  name,  though 
he  recognizes  it  when  heard. 

There  an:*  numerous  cases  ofi  n*cord  with  autopsies  which  prove 
that  the  lesion  in  this  com  lit  ion  lies  in  the  long  association  tract 
within  the  lemponil  and  ocri[)ital  Itibes.  This  tract  is  shown  in  Plate 
XIX.  Sucli  a  lesion  may  be  an  abscess  of  the  brain  secondary  to  ear 
disease,  or  a  tumor,  or  a  focus  of  softening.  In  a  case  described  in  the 
chapter  upon  abscess  of  the  brain  this  symptom  was  made  the  basis 
of  a  surgical  operation  which  j>roved  successful.  Should  an  extensive 
cortical  lesion  occur  in  the  convolutions  between  the  temporal  and 
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occipital  gyri  and  invade  the  white  matter  beneath  them  the  .'same 
symptoms  would  be  produced. 

4.  Motor  Aphasia.  If  the  memory  of  the  effort  needed  to  pro- 
nounce a  word  is  lost,  a  true  paralysis  of  active  speech  occurs,  though 
the  muscles  may  not  be  weakened.  This  is  the  ordinary  form  of 
motor  aphasia,  due  to  a  lesion  of  Broca's  centre  in  the  posterior  part 
of  the  third  frontal  convolution  on  the  left  side  in  right-handed 
persons.  It  is  to  be  noted  that  such  a  loss  of  speech  involves  a  loss  of 
the  power  of  repeating  words  after  another,  as  well  as  of  voluntary 
speech,  and  is  not  accompanied  by  any  inability  to  imderstand 
spoken  or  written  language.  In  the  uneducated,  as  in  children,  the 
acts  of  talking  and  writing  are  closely  joined,  as  may  be  seen  by 
watching  the  lips,  which  move  in  the  act  of  writing.  But  among 
those  accustomed  to  write  much  these  acts  are  independent,  and  it 
is  probable  that  many  educated  aphasics  may  be  able  to  answer 
questions  in  writing  when  their  efforts  at  speech  fail ;  but  as  a  matter 
of  experience,  it  is  found  that  speech  and  writing  are  usually  lost 
together.  Reading  aloud  will  also  be  lost  in  motor  aphasia,  for  here, 
too,  the  inability  to  articulate  hampers  the  patient. 

Such  patients  can  usually  say  "no"  and  '*yes,"  and  often  retain 
the  power  of  using  monosyllabic  words.  They  talk,  if  at  all,  as 
a  baby  talks  who  is  just  learning  to  speak.  Sometimes  a  short 
phrase,  uttered  just  before  the  attack  of  aphasia  occurred,  can 
be  and  is  repeated  over  and  over.  Thus  I  knew  a  woman  whose 
only  phrase  was  "Ah,  dear  me,  I  don't  know! "  and  this  was  said 
on  all  occasions,  with  varying  inflection,  being  the  only  thing  she 
could  say. 

5.  Agraphia.  The  independence  of  the  effort -memories,  neces- 
sary for  writing,  from  the  effort-memories  of  sp)eech,  though  ques- 
tioned by  Dejerine,  must  be  admitted.  When  these  are  lost 
alone  the  condition  is  known  as  agraphia.  In  such  a  state  the 
pen  cannot  be  used.  Copying,  writing  at  dictation,  and  voluntary 
writing  are  all  lost.  It  has  been  noted  already  that  when  a  word 
cannot  be  called  to  mind,  or  read,  or  mentally  enunciated,  in  the 
majority  of  persons,  it  cannot  be  written.  But  words  can  then 
often  be  written  at  dictation,  if  the  person  is  one  who  has  written 
much.  Hence  sensory  agraphia  and  motor  agraphia  must  be  dis- 
tinguished, the  former  being  a  part  of  word-blindness,  the  latter 
not  at  all  associated  with  inability  to  read.  The  lesion  of  motor 
agraphia  is  not  certainly  known,  though  a  few  facts  point  to  the  poste- 
rior part  of  the  second  frontal  convolution  as  the  probable  seat  of  this 
function.  It  is  not  unlikely,  however,  that  the  more  exact  local- 
ization of  fine  movements  of  the  thumb  and  fingers  in  the  posterior 
central  convolution  may  be  followed  by  the  discovery  of  the  writing 
centre  in  this  vicinity.  An  interesting  case  is  recorded  by  Trousseau 
of  a  deaf  mute  who  had  learned  to  talk  by  the  finger  language  and 
who  lost  this  power  by  a  lesion  near  the  motor  centre  for  the  fingers, 
though  the  fingers  were  not  paralyzed. 
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6.  Paraphasia  or  Intehcortical  Motor  Aphasia.  The  forms  of 
aphasia  thus  far  studied  are  due  to  a  loss  of  distinct  oiemory  pictures. 
The  several  memory  pictures  which  are  united  in  the  vvord-irnage 
may  thus  be  reasonably  regarded  as  separate  from  one  another 
in  their  location  in  the  brain.  But,  since  they  are  joined  together 
to  form  tlie  word-image,  it  follows  that  the  a^s(Knat ion-fibres 
joining  the  various  areas  are  as  necessary  to  the  use  of  even  a 
single  word  as  the  various  areas  with  their  memories.  It  is  really  by 
association  only  that  an  object  or  a  word  becomes  a  subject  of 
thought  or  of  use.  If  these  associations  are  broken,  the  result  is  a 
defect  of  language  characterized  by  the  misphicenient  of  words» 
and  the  patient  talks  jargon.  Such  a  condition  is  termed  para- 
phasia or  intercortical  aphasia. 

There  are  as  many  forms  of  paraphasia  as  there  are  association- 
tracts. 

Allusion  hiis  already  been  made  to  intercortical  sensory  aphiisia. 
Another  form  is  intercortical  motor  aphasia^  in  which  the  association 
tract  between  the  temporal  convolution  and  Broca's  convolutioti  is 
involved.  This  tract  passes  beneath  the  islaml  of  Reik  (Fig.  193.,  D,) 
When  it  is  affected  the  patient  can  understand  what  is  heard  or  seen 
and  can  enimeiate  words  clearly,  but  is  unable  to  rejx-at  after  another 
[M^rsonaword  heard,  and  talks  jargon.  These  patients  usually  talk 
rajiidly  and  constantly,  try  very  hard  to  convey  their  ideas,  but 
cannot  be  understood  at  all,  for  the  mingling  of  nonsense  iivords  or  of 
syllables  with  words  w^hich  they  had  no  intention  of  using  rentiers 
the  s*:*ritences  unintelligible. 

If  one  constructs  a  diagram  like  the  following  figure,  and  then  hypo- 
thetically  divides  one  of  the  lines  between  the  various  centres,  one 
obtains  a  scheme  illustrating  aphasia  of  conduction  or  intercortical 
aphasia.  It  becomes  evident  that  there  are  a  great  many  possible 
forms  of  aphasia  of  conduction.  But  the  common  feature  in  all  is  the 
loss  of  power  of  association  of  the  memory  pictmx'S  w^hile  these  jjic- 
tures  are  preserved.  It  is  interesting  to  discox^r  such  cases,  and  much 
care  has  been  given  to  their  analysis.  In  fact  it  is  largely  by  their 
analysis  that  our  knowledge  of  the  existence  of  separate  memory  i>ic' 
tures,  of  the  localization  of  these  pictures  and  of  the  union  of  them 
by  the  association-fibres  has  been  established.  But  there  are  not  as 
yet  on  record  a  sufficient  mmil)er  of  cases  with  autopsy  to  enable  us  to 
make  an  exact  diagnosis  of  the  location  of  the  lesion  in  patients  who 
present  symptoms  of  aphasia  of  conduction. 

To  examine  an  aphasic  thoroughly  it  is  necessary  to  test: 

1.  The  power  to  recognize  objects  s€»en,  heard,  felt,  taated,  or 
Bmelled,  and  their  use. 

This  \^ill  determine  wliether  the  condition  of  apraxia  or  disturb- 
ance in  the  power  of  recalling  any  part  of  a  concept  is  present, 

2.  The  power  to  recall  the  si»oken  name  of  objects  seen,  heard » 
handled^  tasted,  or  smelled. 

3.  The  power  to  understand  speech  and  musical  tunes. 
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4.  The  power  to  call  to  mind  objects  named. 

This  will  test  the  integrity  of  the  auditory  speech  area  and  of  the 
association-tracts  between  other  sensory  areas  and  the  temporal  con- 
volutions. 

5.  The  power  to  understand  printed  or  ^Titten  words, 

6.  The  power  to  read  aloud  and  to  understand  what  is  read* 

7.  The  power  to  recall  objects  the  names  of  which  are  seen, 

8.  The  power  to  wTite  spontaneously  and  to  write  the  names  of 
objects  seen,  heard,  etc, 

9.  The  powder  to  copy  and  to  WTite  at  dictation, 

10.  The  power  to  read  undcrstandingly  what  has  been  \\Titten. 


Fig.  195. 
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^^  Dfagrmm  to  lllostrate  aphasia.    Tbe  cx>rtical  muaoTj  and  motor  centres  am  Indicated  |bj  the 

[  arrovra.    The  eecondary  oorHcal  centrw  of  memorleB  are  Indicated  by  circles,    l,  vIaubI,  of  objects 

I  //,  visual,  of  words ;  ///,  tactile  ;  IV,  auditory  ;  V,  fipeecli ;  IT,  writing.    Tbese  are  joined  to  ooe 

i  another  bj  oasoctatlon  libr^  which  transmit  impulses  In  both  directions.    Suhcortical  iesloDs  In 

^^  these  flbrea  omee  aphasia  as  well  as  lesions  In  the  cortex. 

"  These   tests    will    determine    the  condition  of   the   visual   word 

memories  in  the  angular  gyrus,  and  of  the  connections  between  this 
area  and  surrounding  sensor>'  and  motor  area^s. 

IL  The  power  to  speak  voluntarily,  and  if  it  is  lost,  the  character 
|.  of  it.s  defects. 

^^L        12.  The  power  of  repeating  words  after  another, 
^V        This  will  test  the  integrity  of  Broca's  centre  and  its  association- 
r         tracts. 

I  The  following  table  shows  the  chief  defects  in  each  variety  of 

I  aphasia,  and  may  serve  to  aid  in  diagnosis. 
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Vmriety. 

UDderitand- 

iogof 

language. 

Power  to  re- 
peat words. 

Power  to  talk. 

Power  to  read. 

Power  to  wHte. 

1.  Wmd'dtio^fnat, 
ia)  cortical, 

Loit, 

Lott. 

Ketalued 
(not  to  answer). 

Retained 
(not  aloud). 

RetaloAd, 

ib)  ttibcoitlcal. 

Lost. 

Lost. 

Imperfect 
(not  to  answer). 

Retained 

Retained* 

(not  aloud). 

2.   W0rdhiindn£m, 

fa)  cortic»l, 

Retaloed. 

Retained, 

Retained. 

I^Oflt, 

f^t. 

{h\  BtibcortlcaL 

detained. 

Retained, 

Retained, 

Loet. 

Im  perfect. 

3.  Interoorticftl* 

between  T.  and  0. 

Imperfect. 

Retained. 

Retained. 

Imperfect 
(wil&out  cora- 

Retained 

(tiot  at  dicta- 

i. Motor  Qpftastn. 

prehenfiion). 

tion). 

(a)  cortical, 

Retained, 

Loit 

I^t. 

Retained 
(not  aloud), 
Imperiect 

I^t. 

(b)  BQbcortioAl. 

Retained. 

LOBt. 

Lost. 

Lost. 

(not  a  toad). 

(.  AarapMa, 

\a)  oortJcsJ, 

Retained. 

Retained. 

Retained. 

Retained 

Lost, 

h)  imbcortical. 

Retained. 

Retained. 

ReUlned. 

Retained 

Imperftet, 

6.  Intercortlcal, 

bet  ween  T,  anil  F. 

Imperfect, 

Loet. 

Jargon, 

Imperftct 

Lost  or  Im- 

perfect. 

The  Oommiistir&I  Fibrei.    The  second  system  of  association-fibres 

in  the  ceiUrimi  ovale  is  the  commissural  system,  Tliis  joins  corre* 
spending  areas  of  the  two  hemispheres  with  one  another.  The 
function  of  these  fibres  is  to  hiirmonize  the  action  of  the  two  hemi- 
spheres. Movements  of  Uke  nature  can  be  made  ^^^th  greater 
facihty  ^^Ith  both  upper  extremities  when  moving  simultaneously. 
Movements  which  are  difficult  when  attempted  with  the  left  hand 
alone  become  easy  when  associated  with  corresponding  movements 
of  the  right  hand— as,  for  example,  drawing  a  circle,  writing  one  s 
name.  Such  a^ssociated  motions  are  accomplished  by  aid  of  the 
commissural  fibres  between  the  tw^o  motor  areas. 

The  sensory  areas  are  also  necessarily  joined  by  conmiissural 
tracta;  for  in  ortler  that  the  half  images  received  in  each  occipital 
lobe  may  be  combined,  a  large  tract  passes  from  one  cuneus  to  the 
other.  In  order  that  sensations  of  touch  may  be  correlated  the  two 
parietal  lobes  are  joined.  In  order  that  sounds  may  be  heard  the 
temporal  lobes  are  connected.  The  anterior  commissure  of  the  brain 
joins  the  two  temi>oral  lobes  together.  The  commissural  fibres 
between  the  greater  part  of  the  convexity  of  the  hemispheres  pass  in 
the  corpus  callosum. 

The  existence  of  areas  of  the  cortex  whose  chief  function  is  to 
receive  and  transmit  association  impulses  has  recently  been  jiroven 
by  Flechsig,  and  his  researches  throw^  much  light  upon  the  function 
of  those  extensive  areas  of  the  cortex  which  have  no  known  sensory 

^  Ttiere  ure  m&ay  complex  v&ripiies  of  aphaala  too  rare  and  involving  too  eich»ustive 
disouasioo  to  be  ineludea  in  a  general  t'Cxt-book.  The  reader  b  referred  to  an  »rUole 
by  the  author  on  Seoaory  Aphasia,  Brain,  vol.  xU,  p.  S'i  ;  to  Wylie.  Didordera  of  Speech. 
Edinburgh,  1894;  and  to  Collins,  The  Ffcculty  of  Spooch,  New  York,  189S,  where  full 
referencea  to  the  literature  of  the  subject  wte  to  be  found. 
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or  motor  functions.  It  is  known  that  the  medullary  sheath  which 
surrounds  and  insulates  the  axone  of  each  neurone  body  develops 
after  the  axone.  Flechsig  has  shown  that  the  period  at  which  this 
meduUation  occurs  differs  in  different  functional  tracts  during 
embryonal  life.    In  the  earliest  stage  but  a  few  fibres  are  medul- 


Fio.  196. 


Flechsig's  diagram  to  show  the  order  of  development  of  the  various  areas  of  the  cortex. 
Lateral  surfiu^.    (Lancet,  October  19, 1901.) 

lated.  As  the  embryo  grows,  each  system  of  neurones,  one  by  one, 
becomes  completely  developed,  and  by  contrasting  brains  at  different 
ages  these  functional  systems  can  be  distinguished  from  each  other. 

Fig.  197. 


Flechsig's  diagram  to  show  the  order  of  development  of  the  various  areas  of  the  cortex. 

Median  surface. 

The  chief  sensory  systems  are  the  first  to  develoi),  the  motor 
system  follows,  and  at  birth  these  tracts  which  bring  the  child  into 
relation  with  the  outer  world,  projecting  its  impressions  on  his  con- 
sciousness and  projecting  his  will,  as  shown  by  effort  and  act  on  the 
world,  are  complete.  Later  the  various  association-fibres  within  the 
brain  are  formed,  so  that  as  the  sensory  imi)ressions  are  received 
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they  can  be  related  to  ooe  another^  and  a  sensation  can  awaken  its 
properly  co-ordinated  motor  response.  Flocbsig  now  distinguishes 
thirty-six  areas  of  t!ie  cortex  of  the  brain,  the  neurones  in  each  area 
becoming  develoi>ed  at  a  cUfferent  time  from  those  in  other  areas. 
And  he  naturally  concludes  that  those  whose  manifest  function  is  to 
associate  the  different  parts  of  the  brain  with  one  another,  and 
which  develop  last  of  all,  are  more  closely  related  to  the  higher  mental 
process  of  reasoning  than  those  whose  function  is  merely  to  transmit 
sensations  or  motor  impulses. 

Mental  8>Tnptoms  consisting  of  aphti^sia,  disturbances  in  the  rapid 
association  of  ideas,  apraxia,  forms  of  loss  of  memory,  defect  in  the 
keen  perception  of  the  meaning  of  ideas,  defects  in  judgment  and  in 
reasoning,  in  logical  thought  and  action — these  are  the  symptoms 
that  we  ascrilje  theoretically  to  a  dii?turbance  of  function  in  the 
association  areas  of  the  cortex  or  in  the  association  and  commissural 
tracts.  And  a  careful  clinical  study  of  cases  in  which  lesions  have 
been  found  in  the  so-calknl  latent  regions  of  the  cortex  and  in  the 
centrum  ovale  and  corpus  callosum  leads  me  to  believe  that  such 
mental  symptoms  may  always  be  ehcited. 

They  will  be  noticed  more  especially  in  the  chapters  upon  apo- 
plexy^ cerebral  abscess,  and  cerebral  tumom. 

Disturbances  in  the  control  of  the  emotiona,  leading  either  to  undue 
excitement,  causeless  huighter,  unusual  crying,  great  depression 
and  a  lack  of  harmony  l:)etA\"een  the  iii^sociation  of  ideas  and  the 
state  of  feeling  which  tliey  should  awaken,  are  symptoms  produced 
by  lesions  in  the  frontal  area  of  the  cerebral  cortex  and  of  the  sub- 
jacent wliite  niatter  of  the  centrum  ovale.  The  same  sym{>toms  are 
also  noticed  in  lesions  of  the  anterior  portion  of  the  corpus  callosum 
which  unites  the  two  frontal  lobe's.  The  frontal  region  is  joined  by 
a  large  tract  to  the  optic  thalamus.  (Fig.  178»  A^,)  This  tract  passes 
inwarch  tills  the  anterior  limb  of  the  internal  ci^psule,  and  ends  in  the 
external  nucleus  of  the  thalamus.  It  was  noticed  by  Nothnagel 
that  lesions  in  the  thalamus  interfere  with  the  automatic  facial 
expression  of  emotion.  Thus  a  patient  who  has  such  a  lesion  may 
not  smile  on  the  side  opposite  to  the  lesion  when  amused,  even 
when  he  can  voluntarily  contract  the  risorii  muscles,  and  thus 
give  a  forced  smile.  This  is  another  proof  of  the  intimate  relation 
of  the  frontal  region  to  emotional  acts. 

These  are  the  chief  symptoms  that  are  met  ^ith  in  cerebral  cor- 
tical disease  and  their  local  significance. 

Sjrtnptoms  of  subcortical  lesions.  It  reniaiiLS  to  consider  some 
special  symptt>ms  produced  by  subcortical  lesions  located  in  tlie 
basal  ganglia  and  in  the  cerebral  axis.  These  will  be  better  under- 
stood because  of  the  facti^  which  have  been  already  presented 
regarding  the  anatomy  of  the  brain. 

Lesions  of  the  basal  gamfliUf  viz.,  the  corpora  striata,  made  up 
of  the  lenticular  and  caudate  nuclei  and  optic  thalamus,  are  very 
common  and  give  rise  to  many  symi>toms,    lliese  sjTnptoms  are, 
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however,  to  be  ascribed  to  a  coincident  affection  of  the  motor  and 
sensory  tracts  which  pass  tlirough  the  internal  eapsnle  between  the 
gangUa.  (Figs,  173  and  178.)  Hence,  the  local  syiiiptonis  of 
lesions  in  tlie  lenticular  or  caudate  nucleus  and  optic  thalamus  are 
those  of  lesions  of  the  various  tracts  in  the  internal  capsule  opposite 
those  bodies,  viz.,  in  its  posterior  division.  If  the  symptoms  are 
permanent,  the  capsule  is  prolmbly  injured.  If  the  symptoms  pass 
away  the  capsule  was  incidentally  affected.  And  the  effects  of  the 
lesion  may  entirely  subside  while  the  k^sion  remains  if  it  is  entirely 
limited  to  either  of  these  ganglia.  It  is  therefore  evident  that  we 
cannot  locate  a  lesion  in  the  ganglia  from  any  direct  local  symptoms; 
for,  as  we  are  ignorant  of  the  functit  m  tjf  the  ganglia,  we  do  not  know 
what  is  the  effect  of  their  destruction.  The  caudate  nucleus  is 
supposed  to  have  some  relation  to  motions  of  the  legs,  and  the  len- 
ticular to  those  of  the  arms,  their  relative  development  in  the 
kangaroo  and  bat  suggesting  this.  The  lenticular  nucleus  has  been 
thought  to  have  some  relatirui  also  to  acts  of  eating. 

The  hemiehorea  and  hemiathetosis  wliich  (jccasionally  remain 
after  lesions  of  the  thalamus  are  to  be  regarded  as  symptoms  of 
irritation  constantly  exerted  upon  the  motor  or  sensory  tracts  pass- 
ing near  it«  There  are  some  fact^  to  su{tport  the  assertion  that  the 
optic  thalamus  is  a  sensory  ganglion^  especially  the  fact  that  lesions 
of  the  pulvinar  cause  hemianopsia.  It  appears  from  anatomical 
investigations  of  von  Monakow  that  al!  the  sensory  tracts  end  in  tlie 
thalamus,  which  in  turn  is  connected  by  its  radiations  with  all  parts 
of  the  cortex.  Eaeh  sensory  tract  Ls  liilateral,  hence  a  unilateral 
lesion  of  the  thalamus  causes  no  complete  loss  of  sensation,  von 
Monakow  has  distinguished  seven  separate  masses  of  neurones  in  the 
thalamus,  and  traced  the  connection  of  each  mass  to  one  or  more 
tlistinct  regions  of  the  cortex.  As  yet,  however,  no  practical  diag- 
nostic conclusions  have  followed  that  enable  us  to  detect  a  lesion 
of  the  thalamus.  It  has  also  been  supposed  tliat  the  thalamus  has 
some  function  in  regulating  automatic  motions.  Thus,  in  lesions  of 
the  thalamus  Nothnagel  found  an  absence  of  the  automatic  facial 
expression  inchcating  emotion  on  the  side  opposite  to  the  lesion;  the 
patient  did  not  laugh  or  cry  on  that  side  of  the  face,  though  the  face 
was  not  paralyzed.  But  this  is  not  alw^ays  observed.  Meynert 
saw  a  case,  of  which  I  also  have  had  an  example,  of  forced  unnatural 
positions  assumed  unconsciously  by  the  arm  and  leg  on  the  side 
opposite  to  a  lesion  of  the  thalamus.  Plere,  again,  the  ol>servations 
are  not  uniform  and  are  subject  to  criticism,  as  the  capsule  may 
have  been  irritated. 

The  basal  ganglia,  doubtless,  have  important  reflex  functions. 
The  thermic  centres  for  the  regulation  of  the  temperature  of  the 
body  have  been  located  by  physiologists  in  the  corpora  striata  and 
also  in  the  optic  thalamus,  though  pathology  does  not  support  this 
assertion.  Vasomotor*  secretory,  and  trophic  control  of  the  opposite 
side  of  the  body  has  been  a  function   assigned  to  the  thalamus. 
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The  effect  of  emotion  on  these  t  unctions  is  supposed  to  be  obtaine 
through  the  action  of  its  neurones. 

As  a  lesion  limited  to  any  one  of  thes*^  ganglia  jjroduees  no  \>tT*\ 
manent  symptoois  whatever,  in  many  ca<^es  we  cannot  detect  such  a 
lesion.  As  a  matter  of  fact^  70  per  cent,  of  the  cases  of  hemiplegia 
are  due  to  a  lesion  in  the  basal  ganglia  affecting  the  internal  capsule; 
and  from  the  symjitoms  and  natm-e  of  the  disease  its  location  there 
can  usually  be  affirmed.  The  diagnosis  is,  however^  made  from  the 
capsular  symptoms,  as  already  detailed. 

Lesions  of  the  exiemal  capsule  and  oj  the  dnustrum  cannot  be  yet 
located.  (See  Plate  XVIII.)  If  on  the  left  side,  they  usually  pro- 
duce paraphasia  like  the  lesicms  of  the  islaiul  uf  Reil. 

Lesions  of  the  corpora  quadrigerfiina  are  very  rare.  If  the  anterior 
pair  are  invoh^ed,  oculomotor  palsy,  loss  of  pupil  reflex,  strabis- 
mus, and  nystagmus  oiay  l>e  produced.  If  the  posterior  pair  are 
involved  disturbances  of  eo-ordination  and  of  hearing  may  be 
caused.  As  both  pairs  are  usuall}^  affected  together »  the  combina- 
tion of  these  symptoms  may  aid  in  cUagnosis.  Blindness  is  such  a 
common  syTn|>tLJm  of  cerebral  disease  tliat  it  is  only  when  it  is  not 
due  to  choked  disk,  optic  atro]}]iy,  or  neuritis,  and  when  it  is  not  of 
the  nature  of  liemianopsia,  that  it  is  to  be  tliuuglit  a  local  symp- 
tom of  quadrigeminal  lesion,  and  some  cases  seem  to  show  that  it 
may  not  occur  from  a  lesion  there.  A  defective  action  of  the  same 
branches  of  the  oculomotor  nerves  on  both  sides  is  rather  more 
characteristic  of  quadrigeminal  disease  tlian  the  total  affection  of 
one  nerve. 

Lei^ions  of  the  teffmentum  of  the  crura  cerebri,  which  lies  beneath 
the  corpora  quadrigemina.  Since  the  sensory  tracts  pass  through 
this  region,  amesthesia  ma}^  be  produced  by  such  a  lesion,  and  the 
proximity  of  the  corpora  quadrigeniina  will  give  rise  to  indirect 
local  symptoms  of  their  affection,  I^sioas  of  the  red  nucleus  cause 
the  same  state  of  ineo-onii nation  that  occurs  wiien  the  posterior  pair 
of  the  corpora  c[uadrigemiiia  are  involved.  They  also  cause  par* 
alysis  of  the  third  nerve,  which  |iasscs  through  this  raicleus.  Lesions 
of  the  foot  of  the  crus  cerebri,  in  which  the  motor  tract  passes,  cause 
hemiplegia  of  the  opposite  side.  As  the  tliird  nerve  issues  through 
the  foot  of  the  crus,  a  lesion  here  causes  a  jiaralysis  of  this  nerve  on 
the  side  of  the  lesion.  Hence,  hemiplegia  of  one  side,  with  third 
nerve  paralysis  of  the  other  sifle,  indicates  a  lesion  of  the  foot  of  the 
crus  cerebri  on  the  side  of  the  third  nerve  paralysis.  Lesions  on  the 
base  which  press  upon  this  part  will  ]>roduce  the  same  com  In  nation  of 
sjmiptoms.     (See  Fip.  177  and  ISO  J 

Lesions  of  the  pans  Varolii  and  rnedidla  oblongata.  Fig.  19S 
shows  the  situation  in  the  pons  anrl  medulla  of  the  nuclei  of  origin  of 
the  crania!  nerves.  These  nuclei  tie  either  upon  the  fk>or  of  the 
fourth  ventricle,  shown  in  Fig.  I77»  or  at  a  deejier  level  in  tlie  for- 
matio  reticularis.  From  the  nuclei  the  nerve  fibres  [lass  through  the 
pons  and  medulla  to  ujake  their  exit  upon  the  base  of  the  brain,  as 
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pshown  in  Fig.  ISO.  It  is  e\ddent,  therefore,  that  any  lesion  in  the 
pons  or  medulla  will  destroy  either  the  cranial  nerve  nuclei  or  the 
nerv'es  issuing  from  them  and  traversing  the  cerebral  axis  at  the 
level  of  the  lesion.  The  exact  level  of  the  lesion  will  be  indicated 
by  the  nerves  affected^  oculomotor  ]:>aky  being  caused  by  lesions  in 
the  cms  cerebri;  fifth,  i^ixth,  seventh,  and  eighth  nerve  paralysis 
being  caused  by  lesions  in  the  pons,  and  ninth,  tenth,  eleventh  and 
twelfth  nerve  paralysis  being  causeil  by  lesions  of  the  medulla.  The 
various  sjTiiptoms  due  to  lesitnis  of  the  cranial  nerves  are  discussed 
in  Chapter  XXXIV.,  and  also  the  means  of  distinguishing  lesions 
of  the  nuclei  from  those  of  the  nerve  trunks. 

Fio.  198. 
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Prwltion  of  the  nuclei  of  tlie  cranJal  nerTe«.    The  medal Ia  and  pom  to  be  loiBgliied  &§  tmns- 
parent.    The  nuclei  i>f  origlii  (motor),  black  ;  Ibe  end  nuckl  {sensory),  re<t^  (Edlnger) 

The  facts  already  stated  rt'garding  the  vaiious  tracts  passing 
through  the  pons  and  metiulia,  as  shown  in  Figs.  177  to  181^  pages 
440  and  445,  will  be  recalletL  It  is  evident  that  a  gross  lesion  like  a 
hemorrhage  or  area  of  softening  in  the  iions  or  medulla  wilt  cut  those 
tracts  and  produce  either  unilateral  or  bilateral  i)aralysis  of  motion 
or  of  sensation  in  the  linilis  and  body.  This  combination  of  symp- 
toms of  cranial  nerve  |>aralysis  and  of  paralysis  in  the  limbs  and 
body  is  characteristic  of  lesions  in  the  ]xms  and  medulla,  and  leads  at 
once  to  the  diagnosis  and  localization  of  such  lesions.  The  pons  also 
contains  the  middle  peduncle  of  the  eerel>ellum,  hence  lesions  in  the 
pons  are  likely  to  cause  symptoms  of  eereljellar  t>T^je  already  con- 
sidered, 

Oerebellftf  Symptoma.  Figs,  199  and  201  show  the  connections  of 
the  cerebellum  with  the  cord,  with  the  jkhis,  and  vdih  the  cerebrum. 
Fig.  202  shows  the  structure  of  the  cerebellar  cortex. 

Ltesmm  of  the  cerebellum,  if  located  in  the  hemispheres  and  not  in 
the  median  or  vermiform  lobe,  and  if  of  such  a  nature  as  not  to  exert 
pressure  on  surrounding  [larts,  may  not  produce  any  symptoms.  If 
the  lesion  is  in  the  vermiform  lobe,  disturbance  of  co-ordination 
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known  m  cerebellar  ataxia,  occurs.  This  coiLsists  in  an  inability  to 
walk  without  ^staggtTitig  like  a  drunken  man.  The  ataxia  exists 
only  while  the  |)atient  is  in  an  upright  po^^ition:  it  rarely  afTeets  the 
motions  of  the  aims,  and  when  it  does  it  never  interferes  with  the  fine 
adjustments,  but  only  ^ith  extensive  movements  in  space — e,  g.^ 
grai>ping  objects  at  a  distance — that  involve  an  act  to  preserve  the 
balance.  Closing  the  eyes  does  not  increase  the  ataxia.  In  these 
respects  the  ataxia  differs  from  that  of  posterior  sclerosis* 
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Tbo  base  of  (be  brain,  the  rnniftl  nerres,  and  tb«  cerebellum.  H.  Optk  tiCTrea.  XIL  Optic 
cblMtD.  If.  Infandlbultim.  £L  LatemI  iiarl  of  tuber  clncraam.  Es.  Tuber  clnercum.  Tm.  limm- 
miliary  bodlet.  P.  Crus  cerfjbrt,  Pn,  Ptjujv.  py.  Pyramid  of  medulla.  Oi.  Olivary  body.  Sma, 
Tranirerae  flnure  of  cerebellum.  Floe.  Floccului.  nf.  Subfloc  tiasure.  rlV4.  DiverUoalotn  uf 
fourth  tent  ride.  Pyo.  Pynuuld  of  Malacame.  Amg.  Amygdaliis.  Ldg,  Dlgaitric  lobe.  L«r. 
Slender  lobe.    UH.  Semilunar  lobe.    IL  to  XI 1.  Cnuilal  nerves.    (Dejerine.) 


A  second  characteristic  symptom  of  cerel>ellar  disease  located 
Ib  the  vermiform  IoLm?  is  vertigo.  This  may  be  very  severe,  but  as 
it  may  occur  without  ataxia,  and  ataxia  may  Ije  pre-sent  without 
vertigo  (though  rarely),  the  two  are  not  to  Lie  considemd  as  inter- 


LOCAL  SYMPTOMS. 


477 


dependent.  V<^rtip;o  is  increased  hy  rising  to  an  erect  position,  but 
may  i>ersist  \\\wn  thp  |uitient  is  in  bed.  It  decreases  somewhat 
when  the  patient  has  remained  fixed  in  any  |)osition  for  some  titne; 
Ijut  is  always  increai>ed  when  he  open.s  his  eyes.  The  vertigo  is 
usually  an  early  symptom  of  cerebellar  diseruse.  It  is  more  constant 
and  persistent  in  eases  in  which  the  intracranial  jiressure  is  increased. 
It  may  gradually  ])ass  ofT  in  other  csises.  Cei'el>ellar  vtTtigo  does  not 
diflfer  from  vertigo  in  Meniere *s  disease,  and  is  probably  fhie  to  an 

FiO.200. 


Tbe  Imaal  ganglia  And  the  oei^benum.  Ic.  Taenia.  NC.  CiLucUle  uucleufi.  Tb.  Thalamat.  Cm. 
Corp, qiiAd.  ant.  Cop.  Posterior  ooininiAure.  Com.  cent,  commluare.  V(Cu).  CuLmen.  Ix^p,  Lobiu 
qoadratua.  8v,  FlMure  of  Vlcq  d'Axyr  V(dc>-  Montfeuliis.  Set  Circular  llnure.  Usll.  Infctior 
lexDilanar  lobe.  I^sli.  Superior  ftemiluaar  lobe.  Ls.  Superior  lobe.  LF'.  Poaterior  lobe,  Bt, 
VermifoEXD  lobe,  of  which  the  culmen  and  moDticulo^  are  fiarfN. 


affection  of  the  terminal  fibres  of  the  lalnTinthine  part  of  the  eighth 
nerve,  from  the  semicircular  canals  or  theii*  nuclei.  The  vertigo  of 
Meniere  8  disease  is,  however,  asually  accompanied  by  deafness. 
Ataxia  and  vertigo  together  afford  strong  presumption  of  disease  in 
the  vermiform  lobe,  although  neither  alone  is  sufficient  for  a  diagnosis. 
The  indirect  local  symi^toms  of  cerelx41ar  disease  may  \ye  numer- 
ous.   They  are  due  to  an  affection  of  the  tracts  and  ner\e  nuclei  in 


478     THE  DIAGNOSIS  AND  LOCATION  OF  BRAIN  DISEASES. 

the  pons  and  medulla  (see  Fig.  178).  Various  forms  of  paralysis 
and  anaesthesia,  vasomotor  disturbances,  obstinate  vomiting  of  a 
projectile  character,  general  sym|)torns  of  intracranial  disease — 
€,  g.f  headache,  optic  neuritis— are  usually  present  with  tumors, 
abscesses,  or  hemorrhages  in  the  cerebellmn,  especially  if  they  are  in 
the  median  lobe.  The  coml)ination  of  cerebellar  ataxia  and  vertigo 
with  these  and  other  sym|)toms  of  [)ons  disease  affords  clear  e\idence 
of  ihsease  in  the  cerebellum, 
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Dti^ram  to  ahow  tbe  oonnertlotifi  of  the  cerebellum,  SC  BplniLl  cord.  0.  Golunin  of  Ooll. 
B.  Oolumn  of  Biird&ch.  M£D.  Medulla  oblongata  at  wniory  decuraatioD*  0.  Otfre.  O.  nu- 
cleui  irmoaiii.  a  Nucleni  cutieatui.  F  Flflb  uerve  Pon*.  Poiis  VaroKi  K//f,  Eighth  nenre 
ami  Iti  nude ii§.  /*.  Fillet.  J^  Pfi^mldi^  Out.  C rut  cerebri.  ifiV.  Eed  uticleut  of  teinnentum. 
CD,  Oorpui  dentattiia  of  oerebellntii.  1  to  Vd.  Vaiioas  tracta  connecauK  th^  c«rebellutQ  with 
the  iplDaJ  cord«  medulla,  pooi,  aod  cnu.    (Starr,  AUaa  of  NerTS  Ctttlaj 


LesioQfi  of  tlie  cerebellum  have  no  apparent  effect  upon  the  mental 
powers  when  they  occur  in  adults,  A  deficient  development  of  the 
eerebe?llum  i.s,  however,  a  frequent  cause  of  congenital  ifliocy.  When 
one  cerebellar  hemisphere  faiLs  to  develop,  the  opposite  oUvary  body 
in  the  medulla,  and  sometimeB  the  opposite  hemisphere  of  the  cere- 
brum, present  an  atrophic  appearance. 
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Fig.  203  shows  a  case  of  such  defective  development.  The  patient 
was  a  half-witted  boy  who  died  of  measles  at  the  age  of  three  years* 
He  liad  been  unable  to  learn  to  walk,  and  was  awkward  in  his 
movements. 

Lesions  of  the  middle  j)eduncles  of  the  cereljellum,  the  eriiia 
cerebelli  ad  pontem^  jiroduee  characteristic  symptoms.  These  con- 
sist in  a  tendency  on  the  part  of  tlie  ]>atierit  to  assume  a  forced 
position,  to  turn  toward  or  fall  toward  one  side  in  walking,  or  eveti  to 
revolve  constantly  about  one  axis  of  liis  body.    The  forced  move- 
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DiagmmmatlG  rcpresentiiUori  tif  a  section  through  the  oerebelUr  cortex.  I.  Moleculfir  layer 
U.  Qranuljir  layer,  ///.  White  luaCier  P.  PurkJnje  cell  wilh  Iti  nenrftiono,  p,  emeitng  the  white 
nifttter.  5.  Small  atellate  cells  of  molecular  layer.  B.  Lazigs  BtelMte  cells  with  basket  flbree,  b- 
tfaeie  baekct  flbrci  surround  the  body  of  the  Purkinjcc«ll  fihown  In  dotteil  outline.  O.  Cells  of 
the  granul&r  layer,  with  long,  $itralght  neuraxooe,  g,  ascending  to  molecular  layer,  and  there  blfUr- 
Gating  to  become  tangential  fibrea— these  fibrea  mn  at  right  aji^les  lo  Uie  plane  of  section  of  the 
ptfete.  M.  MoiS'like  termiuation  of  white  fibres;  m,  entering  the  cerebellum  from  without.  H, 
Large  Goljl  cell  of  the  .second  type,  with  dendrites  In  both  grannlar  and  molecular  Jayei*  and 
neuraxone  dividing  and  subdividing  in  the  granular  layer.  /.Terminal  filaments  and  flbrea,  i, 
entering  the  oerebellum  from  without  and  ending  around  the  branch^  of  the  Purktoje  cells. 
(Starr,  Atlas  of  Nerve  eella.) 


ments  may  be  made  by  the  eyes  (conjugate  deviation  in  one  direc- 
tion)^ by  the  head,  or  by  the  entire  body.  In  a  case  seen  by  the 
writer,  in  which  the  autopsy  showed  a  tuberculous  tumor  in  the  left 
middle  peduncle  and  in  the  vermiform  lobe,  in  addition  to  ataxia, 
vertigo,  vomiting,  and  headache,  the  patient  lay  constantly  on  his 
left  side,  and  when  he  turned  upon  his  back  or  toward  the  right  side 
the  vertigo  became  so  excessive  that  he  w^as  obliged  to  resimae  at 
once  his  forrai^r  position.  In  walking,  ttiis  patient  showed  a  ten- 
dency to  fall  tow^ird  the  left  side,  and  found  it  impossible  to  turn 
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around  toward  the  right.  In  another  case,  a  lacenition  of  one 
jjeduncle  due  to  a  fracture  of  tlie  base,  caused  coDStant  ^dgorous 
nHJvenients  of  rotation  about  the  lon^  axis  of  the  body  toward  the 
affected  side  for  three  days  until  death  occurred.  Such  patients 
may  lose  their  bahmce  in  moving  in  one  direction — e.  g.^  forward  or 
backward,  and  in  attemptijig  to  regain  it  they  may  be  obliged  to 
hasten  then"  movements.  This  has  been  interpreted  WTongly  as  a 
tendency  to  compulsory  walking  in  one  direction — e.  g,,  backward. 
It  is  really  due  to  the  vertigo.  Legions  of  the  other  peduncles  of  the 
cerebellum  do   not  produce  any  known  characteristic  symptoms 


Fig.  208. 
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Coufeultal  abwrnco  of  oiie-hAlf  of  the  oerebcllum.    Atropby  of  the  oppoeite  oUvary  body  aod 
of  tbt>  Buperflclal  IrAosverw}  flbrei  of  ihe  poD&    (Kindueas  of  Dr.  Oliver  8.  SUonir.) 

aside  from  those  of  cerebellar  disease.  But  when  the  superior 
peduncles  are  the  seat  of  a  lesion  it  is  not  uncommon  to  have  oculo- 
motor paralysis^  especially  paralysis  of  the  fourth  nerve,  as  an  asso- 
ciated symptoUL  And  when  the  inferior  peduncle  is  affected  there 
is  usually  an  alternating  hemiana^sthesia  from  lesion  of  the  formatio 
reticularis. 

GRAHIO-CEREBRAL  TOPOGRAPHY. 


The  diagnosis  of  local  lesions  in  the  brain  leads  in  many  cases  to 
surgical  treatment  for  the  removal  of  the  disease,  such  as  clots, 
tumors,  or  abscesses.     It  is,  thereforci  essential  to  know  the  exact 


relation  between  proitiinent  parts  of  the  skiiU  and  the  fissures  and 
convolutions  of  the  braiiL  This  relation  has  been  carefully  deter- 
mined and  certain  rules  have  been  laid  down. 

Tlie  relation  of  the  brain  to  the  skull  is  shown  iu  Fig.  205. 

The  rules  for  finding  the  fissures  of  Sylvius  and  Rolando  by 
measuring  the  skull  are  as  follows: 


FlO.  204. 


TgcuIus 


DiAgmm  showing  the  origin  and  oouree  of  the  nbrea  of  the  peduncles  of  the  oerebeUam. 

(Ediiiger.) 

To  find  the  fissure  of  Rolando,  lay  down  a  line  from  the  root  of  the 
nose  to  the  occipital  protuberance  over  the  top  of  the  head,  and  take 
a  point  0.557  of  the  distance  back  upon  this  line.  This  point  will 
correspond  to  the  upper  end  of  the  fissure.  The  fissure  makes  an 
angle  of  67^  with  the  median  line  just  measured.  Hence  if  tw^o 
strips  of  metal,  fixed  to  one  another  at  this  angle,  be  placed  on  the 

31 
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head  uith  their  junction  upon  the  up})er  end  of  the  fesure,  when  one 
strip  is  on  the  median  line  the  other  strip,  pointing  forward  and 
dowBW^ard,  must  he  over  the  fissure  of  Rolando.  In  its  lower  third 
the  fissm^e  becomes  a  little  more  vertical  than  the  strip.  The 
fissure  is  about  three  and  a  half  inches  long. 

To  find  the  fissure  of  Sylvius,  lay  down  a  base  hue  from  the  lower 
margin  of  the  orbit,  to  tlie  auditory  meatus.  Lay  dow^ii  a  second 
line  parallel  to  the  base  line  from  the  external  angular  process  of  the 
frontal  bone  backward  one  inch  and  a  quarter,  and  then  measure 
upward  one-quarter  of  an  inch:  this  gives  point  one.  Find  the  most 
prominent  part  of  the  parietal  eminence,  and  from  it  draw  a  line 
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Tbe  relfttloD  of  the  flamraB  of  Rolando  and  Sylrius  to  Uie  aknll. 


downward  perpendicular  to  the  base  line,  and  on  this  take  a  point 
three-quarters  of  an  inch  below  the  eminence ;  this  gives  point  two. 
Join  these  two  points,  and  the  line  will  lie  over  the  fissure  of  Syhius. 
The  anterior  limb  of  the  fissure  will  be  two  inches  behind  the  external 
angular  process.    The  fissure  of  Sylvius  is  about  four  inches  long. 

To  find  the  parieto-occi|>ital  fissure,  cuntinue  the  line  of  the  fissure 
of  SyKius  to  the  median  line.     At  their  junction  lies  this  fissure. 

Since  all  areas  now  ojien  to  surgical  operation  can  Ik*  located  with  a 
definite  relation  to  these  three  fissures,  no  further  rules  nre  necessary. 
As  in  opening  the  skull  it  is  customary  to  make  a  fenestrum  of  at 
least  an  inch  in  diameter,  and  as  it  is  frequently  necessary  to  enlarge 
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the  opening  much  more,  a  procedure  in  no  way  dangerous  under 
aseptic  conditions,  there  is  no  difficulty  in  recognizing  the  fissures 
and  convolutions  exposed  if  the  rules  are  closely  followed.  Prior 
to  the  large  incision  of  the  scalp  it  is  well  to  mark  certain  points 
upon  the  skull  by  the  sharp  point  of  a  chisel,  so  that  when  the  bone 
is  laid  bare  surface  landmarks  may  still  be  kept  in  view. 


CHAPTER    XXV, 
THE  CEREBRAL  CIRCULATION. 

The  majority  of  eases  of  brain  disease  which  are  met  with  in 
practice  are  due  primarily  to  disease  of  the  bloodvessels.  Endar- 
teritis causes  thrombosis  and  embolism,  and, also,  by  the  final  weaken- 
ing of  the  vessel  wall,  ruptm-e  and  hemorrhage.  In  the  former  case 
necrosis  of  the  brain  tissue  is  produced^  with  arrest  of  its  functions. 
In  the  latter  case  laceration  and  destruction  of  the  Ijrain  tissue  is 
caused  with  both  irritation  and  arrest  of  function.  Hence  a  knowl- 
edge of  the  distribution  of  the  cerebral  bloodvessels  is  a  necessary 
prehminary  to  a  study  of  the  various  types  of  apoplexy. 

The  blood  reaches  the  brain  through  the  vertebral  and  internal 
carotid  arteries.  The  vertebral  arteries  unite  to  form  the  basilar, 
which  in  its  course  gives  off  the  arteries  of  the  cerebellum  and  pons. 
The  basilar  divides  into  the  posterior  cerebral,  wliich  supply  the 
thalamus,  the  tegmentum  of  the  crura,  the  corpora  quadrigemina 
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and  crura,  and  the  temporo-occipital  basilar  part  of  the  hemispheFes* 
The  posterior  cerebral  send  the  jxjsterior  communicating  arteries  for- 
ward to  join  the  internal  carotid.  These  too  send  small  vessels  into 
the  basal  gangUa.  The  internal  carotid  di\ide8  into  the  middle  and 
the  anterior  cerebral,  the  latter  being  united  by  the  anterior  commu- 
nicating, which  thus  comj>Ietes  the  circle  of  W' illis.  From  the  arteries 
composing  this  circle  many  little  branches  perforate  the  base  of  the 
brain  supplying  its  basal  ganglia. 
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The  middle  cerebral  artery,  passing  outward  tlirough  the  fissure  of 
Syhius,  gives  off  in  its  course  many  basal  arteries  which  enter  the 
anterior  perforated  space.  These  asceed  through  and  outside  the 
lenticular  nucleus  and  supply  the  internal  capsule  and  the  auterior 
part  of  the  optic  thalamus.  (Fig.  206.)  The  midtlle  cerebral  artery 
iU\ides  a.s  it  parses  outward  into  several  branches  which  radiate  over 
the  island  of  Reil,  and  spread  outward  over  the  convexity  of  the  brain 
supi;»l}ing  the  gi^eater  part  of  the  latoral  surface.  (Plate  XX.) 
The  larger  branches  go  to  the  third  frontal  convolutionj  to  the 
anterior  and  posterior  central  eonvolutioits,  and  along  the  fissure  of 
Syhius.  The  Syhian  artery  gives  off  numerous  branches  to  the 
ojx^rculum  and  supramarginal  convolution  above  and  to  the  temporal 
eonvohiti(^as  l>elow,  and  finally  terminates  by  spreading  out  over  the 
parietal  lobules  and  the  convolutions  joining  the  temporal  and 
occipital  regions. 

Tlie  anterior  cerebral  artery  |)a£;ses  forward,  supplying  the  base  of 
the  fn.vntal  lobe,  then  curves  upward  on  its  median  surface^  send- 
ing numerous  branches  over  the  edge.  It  su])i)iies  the  median  sur- 
face of  all  the  frontal  convolutions  and  a  small  part  of  the  cortex  of 
the  lateral  surface  near  to  the  median  line,  excepting  the  third, 
which  receives  its  supply  frt^m  a  branch  of  the  middle  cereljral.  Its 
terminal  branches  pai^^s  backward  as  far  as  the  cimeus,  anastomosing 
on  the  w^ay  wuth  the  terminals  of  the  miiMle  cerebral  artery,  and 
with  those  of  the  posterior  cerebral  artery. 

The  anastomoses  of  the  cortical  terminal  vessels  are  most  perfect, 
as  shown  in  Plate  XXI.  But  many  of  tlie  small  basilar  vessels  have 
few  or  no  aniistoraosis  vrith  adjacent  branches,  and  hence  have  been 
called  terminal  arteries.  The  effect  of  an  embolism  in  such  arteries 
is  to  cause  an  area  of  necrosis  which  is  |>ermanent.  Tlie  basal 
arteries  do  not  anastomose  freely  with  the  cortical  arteries,  and  hence 
the  w^hite  matter  lying  above  the  basal  ganglia  and  beneatli  the 
cortex  is  relatively  imperfectly  suppfied  with  blood.  This  protects 
it  from  the  occurrence  of  hemorrhage,  but  predisi>08es  it  to  softening 
after  thrombosis  or  embolism.  The  cerebellum  is  supplied  by  blood- 
vessels which  arise  from  the  vertebral,  basilar,  and  posterior  cerebral 
arteries.  The  blood  sujjply  of  the  crura  cerebri  and  pons  and 
medulla  is  derived  from  branches  of  the  basilar  and  posterior  com- 
municating arteries. 

It  is  evident  that  the  effect  of  an  embolism  or  thromliosis  in  any 
of  these  vessels  maybe  a  very  small  or  an  extensive  necrosis  f>f  tissue, 
according  to  the  size  of  the  vessel  plugged.  The  extent  of  a  hemor- 
rhage ill  the  brain  will  also  depend  on  the  size  of  the  vessel  ruptured. 
There  are  certain  vessels  in  which  embolism  and  hemorrhage  are 
more  common  than  in  others.  The  small  vessels,  w^hich  enter  the 
base  through  the  anterior  jxTforated  space  come  off  from  the  upper 
surface  of  the  internal  carotid  artery  or  the  middle  cerebrab  The 
current  of  blood  rushes  directly  into  these,  as  it  is  forced  up  from  the 
heart  more  forcibly  than  into  other  vessels,  to  reach  which  it  has  to 
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capsular  lesions.  The  tenninal  character  of  these  vessels  makes 
repah"  unpossible.  The  free  anastomosis  of  the  cortical  vessels  has 
already  been  noticed.  A  thrombosis  or  embolus  in  one  of  them 
rarely  has  a  pennanent  effect,  as  the  necrosis  at  first  begun  is  arrested 
by  the  development  of  a  collateral  supply  of  blood.  Hence  cortical 
lesions  have  a  more  favorable  prognosis  than  capsular  lesions. 

The  venous  circulation  in  the  brain  is  shown  in  Figs.  207  and  208. 
The  veins  from  the  interior  of  the  brain  empty  into  the  veins  of 
Galen  and  then  into  the  straight  sinus.  Those  from  the  cortex 
reach  the  longitudinal,  lateral,  and  cavernous  sinuses. 


CHAPTER    XXVL 
THE  CEREBRAL  DISEASES  OF  VASCULAR  ORIGIN. 

OERHBRAL  HYPEREMIA  AHD  AK^MIA. 

The  investigations  of  ilosso  ha%^e  proven  that  any  mental  effort 
or  emotion  is  attended  by  a  functional  hyjienemia  of  the  brain  and 
that  sieep  is  attended  by  a  functional  anaemia. 

Formerly  a  number  of  abnonnal  conditions  were  ascribed  to  hyper- 
wniia  of  the  brain.     It  is  doul*tful,  however,  if  they  were  dependent 
upon  this  cause,  and  it  is  improbable  that  congestion  of  the  brain 
alone  is  a  condition   that  can  l>e  more  than  temporar}^  or  that  can 
produce  serious  permanent  symptoms.     It  is  admitted  that  in  many 
constitutional  states  both  active  and  passive  cerebral  congestion  may 
occur.     Thus  fever,  i>ersistent  mental  strain,  great  emotional  excite- 
ment, sunstroke,  and  an  excess  of  alcohol,  quinine,  and  strychnine 
produce  congestion  of  the  brain.    Obstruction  to  the  flow  of  blood 
from  the  cerebral  sinuses  may  lead  to  veuous  congestion.    In  this 
condition  the  symptoms  of  the  original  underlying  disease,  such  as 
tumor  or  abscess  of  the  brain,  tiirombosis  of  a  sinus,  or  tumors  and 
aneurisms  in  the  neck,  chronic  cardiac  disease,  emphysema,  etc.,  will 
obscure  any  83rmptonis  due  to  the  hypersemia  of  the  brain.    There 
is  doubtless  a  stage  of  congestion  of  the  brain  in  all  cases  of  menin- 
gitis and  of  encephalitis,  but  here  again  it  is  not  possible  to  distin- 
guish between  the  synnitoms  due  to  the  two  conditions.    The  symp- 
toms produced  by  congestion  of  the  brain  are  headache  of  a  severe 
character,  with  feelings  of  |Hilsation,  vertigo  increased  by  a  sudden 
effort  or  change  of  position,  tinnitus  aurium,  sensations  of  pressure 
about  the  eyes  and  head,  insomnia,  mental  irritability,  with  sense  of 
incai>acity  to  carry  on  a  train  of  thought,  and  restlessness.     The 
convulsions  and  coma  in  sunstroke  are  due  to  toxannia  and  not  to 
the  congestion.     It  is  probable  that  the  majority  of  the  synijitoms 
mentioned  may,  in  some  cases^  be  due  to  imfx^rfeet  metabolism,  or 
to  chemical  changes  in  the  nerve  cells,  rather  than  to  mere  mechanical 
pressure.     I  am  always  reluctant  to  ascribe  morbid  states  to  conge-s- 
tion  of  the  brain,  and  I  regard  such  a  diagnosis  as  unsatisfactory  and 
tentative.     I  do  not  believe  in  the  existence  of  a  chronic  congestion. 
The  treatment  of  the  symjjtoms  during  their  temporary  duration  is 
by  ice  to  the  head  and  the  free  iL^^e  of  ergot  and  l>romide  of  sociium. 
Such  treatment  will  relieve  the  headache  and  sernsations  of  pressim? 
in  the  course?  of  a  few  hours,  but  should  not  be  kept  up  more  than 
two  or  three  days.     It  is  well  to  give  calomel,  followed  by  saline  laxa- 


APOPLEXY, 


489 


tives,  to  restrict  the  diet,  to  cut  ofif  all  aleoholic  stimulants,  and  stop 
the  use  of  tea,  coffee,  and  tobacco;  in  other  words,  to  elinimate  from 
the  body  all  those  poisons  which  may  be  the  cause  both  of  the  con- 
gestion and  of  the  symptoms.  If  the  cause  of  venous  congestion  can 
be  ascertained  it  is  to  be  removed,  if  possible.  If  impossible,  wet 
cups  behind  the  ears,  hot  foot  baths,  coimter-irritation  to  the  neck, 
and  sedatives  may  relieve  the  syrn]>toms, 

Arimnia  of  the  brQin  niMy  be  due  to  loss  of  blood  or  to  a  general 
anemic  condition.  The  latter  is  ncjt  uncommon  both  in  young  girls 
and  in  women  at  the  menopause  as  a  priinar>^  diseiise.  It  may  also 
be  secondary  to  other  constitutiona!  or  organic  diseas<?s  that  produce 
malnutrition.  The  symptoms  of  anaemia  of  the  brain  tlue  to  a  loss 
of  blood  are  faintness,  vertigo,  nausea,  confusion  of  ideas,  and  finally  a 
loss  of  consciousness,  wiih  susiKmsion  of  respiration  and  great  feeble- 
ness of  the  heart.  They  are  usually  relievtMi  soon  hy  a  recumbent 
posture,  bj^  inhalation  of  anunonia,  and  by  stimulation  with  alcohoL 
In  extreme  cases  transfusion  with  salt  sokition  may  be  required. 

The  symptoms  of  aniemia  of  the  brain  due  to  gen<*ral  aruemia  are 
headache,  felt  chiefly  on  the  vertex, somnolence, esjXHnally  aft^r  meals, 
depression  of  spirits,  inability  to  concentrate  the  attention,  or  to 
conduct  any  active  mental  process  for  any  length  of  time^  and  insom- 
nia. Tlie  insomnia  of  auLeniia  is  characteristic.  The  patient  gets 
to  sleep  easily  on  lying  down,  but  sleeps  only  a  short  time,  and  then 
wakes  and  is  unable  to  get  to  sleep  again. 

The  treatment  of  the  symptoms  is  by  stimulation  of  the  heart,  but 
this  should  be  temporary  only.  The  miderlying  state  is  the  only 
pro|>er  object  for  treatment.  Hence  food,  iron,  arsenic,  beef  marrow, 
an*!  tonics  of  all  kinds  are  indicated.  In  anaemia  hydrotherapy  and 
massage  are  of  great  value. 
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The  most  common  cerebral  diseases  are  those  which  are  due  to  a 
rupture  of  a  blood ves.sel  in  the  brain,  cerebral  kemorrkage,  or  to  a 
stoppage  in  a  cerebral  vessel,  cerebral  emhoHsm,  and  cerebral  (hrom- 
bosi^. 

Pathology*  The  condition  which  leads  to  such  diseases  is  chronic 
endarteritis.  This  is  a  chronic  inflammatory  process  in  the  intima 
and  nmscular  coats  of  the  vessels,  with  a  produetion  of  new  celhilar 
tissue,  whicli  may  (1)  increase  until  it  obhterates  the  lumen  of  the 
vessel,  producing  thrombosis;  or,  (2)  undergo  calcareous  degen- 
eration, roughenitig  tiie  wall  and  inducing  fibrin  deposits,  which  may 
occlude  the  vefffjjL  producing  thrombosis,  or  be  washed  onward,  pro- 
(3)  imdergo  fatty  degeneration,  thus  eroding 
'^nnic  th^iiuscular  coat,  causing  aneurisms 
reducing  cerebral  hemorrhage. 
\  smaller  in  diameter,  and  are 
■space  or  have  little  support. 
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While  they  are  usually  due  to  endarteritis,  von  Monakow  believes 
that  they  may  form  in  senile  arteries  by  a  bulging  of  a  normal  wall 
the  muscular  coat  of  which  is  merely  thinned  but  not  tliseased. 

The  caUxSes  of  endarteritis  are  syphilis,  the  aba^e  of  alcohol, 
chronic  poisoning  Ijy  lead,  the  tlevelopment  of  i^oisons  within  the 
body  as  the  result  of  imperfect  nutrition,  or  of  indigestion  due  to 
too  much  food  and  too  little  exercise,  gout,  nephritis,  and  old  age. 
The  affection  is  distinctly  hereditary,  and  in  many  families  deatli 
from  apoplexy  is  the  rule.  The  use  of  tol)aceo,  coffee,  and  tea  is  said 
to  predis|>ose  to  endarteritis,  but  this  is  not  estaljlished* 

Pathology  of  Cerebral  Hemorrhage.  When  a  cerebral  vessel  rup- 
tures in  the  memljranes  the  !>lood  sijreads  out  on  the  surface  of 
the  brain,  filling  the  fi.ssiires  and  depressing  the  cortex.  The  clot 
which  forms  is  thin  and  Hat.  It  may  become  organized  and  ad- 
herent to  the  pia  mater,  or  it  may  lie  as  a  clot  for  weeks.  In  one 
case  in  which  McBurney  ojieratetl  for  the  removal  of  such  a  clot  from 
the  third  frontal  convolution,  for  the  relief  of  apluusia,  three  months 
after  the  hemorrhage  tlie  clot  was  only  }>artly  organizes!  and  was 
easily  sptnigeil  off  from  the  surface  and  from  the  fissures.  If  the 
hemorrhage  is  subcortical  it  tears  the  surrounding  brain,  sometimes 
breaking  into  the  ventricles  and  tilling  them  with  blood.  It  may  be 
a  small  clot  or  it  may  l)e  almost  as  large  as  the  hemisphere,  disin- 
tegrating its  greater  portion.  Usually  it  is  about  two  inches  in 
diameter.  The  clot  is  globular  or  irregular  in  shape  in  the  brain,  or 
forms  a  east  of  the  ventricles.  It  compresses  the  brain  tissue  around 
it,  and,  as  a  rule,  a  number  of  capillary  hemorrhages  are  found  in 
the  adjacent  brain.  The  adjacent  [>rain  is  always  redematous. .  The 
clot  gradually  shrinks,  and  if  small  undergws  absorption,  leaving 
a  hematin  stain.  The  lii.sintegrated  l>rain  tissue  undergoes  fatty 
degeneration,  is  lifjuefied,  and  is  in  part  alisorbed.  There  remains  a 
mass  of  softened  tissue,  mingled  with  blood,  which  after  a  time 
becomes  organizerl  by  tlie  formation  of  connective  tissue  in  and 
about  it.  This  connective  tissue  may  form  a  thick  layer,  or  even  a 
firm  fibrous  platjue,  n|>on  the  surface  of  the  brain^  closely  adherent 
to  the  cortex,  and  supplier!  with  numerous  bloodvessels.  In  one 
case  operated  upon  two  years  after  an  injury,  with  hemorrhage,  it 
was  as  hard  as  cartilage.  If  it  is  within  the  brain  a  firm  mass  of 
connective  tissue  enclosing  the  softeneil  mass  may  grow.  Then,  as 
the  softened  mass  within  this  wall  becomes  liquefied,  the  final  result 
is  a  cyst  filled  with  Huid,  either  blooily  or  clear,  and  serous.  In  one 
ca,se  I  saw  a  connective-tissue  structure  resembling  a  honeycomb,  itJ3 
cavities  filled  w^ith  clear  fluid.  A  clot  begins  to  lose  its  bloody  color 
from  the  second  to  the  fifth  week,  dej^ending  on  its  size;  after  the 
eighth  to  the  twelfth  week  it  is  a  yellowisli  mass  with  hematin  stains, 
and  within  three  to  six  months  the  coimective  tissue  formation  is 
well  under  way.  This  contracts  f  hiring  a  year  after  its  format  ion » 
and  the  process  cannot  be  said  to  have  reached  its  final  stage  of  scar 
tissue  or  cystic  formation  until  the  end  of  the  second  year.    A  cyst 
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wall  omy  be  a|_>i>arent  within  a  niarvth  of  the  onset  in  small  hemor- 
rhages, encapsulating  the  softened  nia.ss.  The  torn  brain  never 
unites.  It  undergoi^s  a  fatty  degeneration  in  the  \ieinity  of  the  elot» 
and  a  prtjcess  of  .sc^eondary  degeneration  begins  at  once  in  the  course 
of  the  tracts  which  are  injured.  By  the  end  of  the  week  such 
secondary  degenerations  can  be  detected  by  the  Marchi  stain  at  long 
distances  from  the  original  lesion^  and  after  six  weeks  a  sclerosis  or 
replacement  hyperplasia  of  connective  tissue  has  begun  in  the  entire 
length  of  the  tract  which  is  degenerated.  These  tiegenerations  are 
ver>'  extensive  through  the  centrum  ovale,  as  they  affect  all  the 
association  and  commi.K8ural  fibres  which  are  ruptured.  They  can 
also  be  traced  through  the  projection  filires  il  own  ward  into  the  spinal 
cord  or  upward  to  the  cortex.  Figs.  33  and  34  show  such  descend- 
ing degeneration  in  the  spinal  cord  after  hemorrhiiges  of  small  and  of 
great  extent  in  the  internal  capsule. 

The  clot  exerts  consideral)le  pn*s8ure  ujion  the  brain  tissue  about 
it,  not  only  at  the  time  of  its  formation  l^ut  for  some  time  after. 
This  pressure  is  (piite  sufficient  to  suspend  the  function  of  the  com- 
pressed t>rain»  and  may  even  be  sufficient  to  set  uj)  degenerative 
jirocesses.  The  brain  tissue  which  is  merely  compressed  will  resume 
its  function  when  the  [pressure  is  removerl.  Therefore,  the  im- 
mediate and  temporary  effects  of  a  cerebral  hemorrhage  are  usually 
much  more  severe  and  extensive  than  tlie  permanent  ones.  And 
hence  a  gradual  and  pretty  considerable  relief  from  the  initial  symp* 
tonis  is  to  be  looked  for  in  cases  of  cerebral  hemorrhage.  Such  a 
relief,  due  to  slow  absorption  of  the  ch^t,  is  necessarily  mucli  slower 
than  the  relief  which  occurs  after  embolism  or  thrombosis,  where  the 
collateral  circulation  is  established  witfiin  a  week. 

The  situation  of  a  cerebral  hemorrhage  depends  upon  the  fact  that 
certain  arteries  of  the  brain  are  particularly  liable  to  the  formation 
of  miliary  aneurisms.  According  to  Durand-Fartiel,  in  75  per  cent, 
of  the  cfist^s  these  aneurisms  are  foimd  on  the  small  branches  of  the 
middle  cerebral  artery  that  enter  the  anterior  perforated  space, 
\'iz.,  the  lenticulo-striate  and  lenticulf>-thalamic  branches.  These 
arteries  are  fairly  large  liranclies;  they  are  almost  in  a  vertical  line 
above  the  heart,  the  blood  rushes  in  from  tlie  internal  carotid 
artery  under  high  pressure,  and  tbey  are  terminal  art^Ties  with  no 
collateral  circulation.  Hence  they  have  been  termed  by  Charcot 
the  hemorrhagic  arteri(\'<  of  the  brain,  and  as  a  matter  of  fact  more 
than  60  ]>er  cent,  of  cereljral  hemorrhages  are  due  to  their  rupture. 
A  clot  thus  forming  destroys  the  lenticular  or  striate  nucleus,  or  the 
optic  thalamus,  and  the  internal  capsule  which  lies  adjacent  to  them, 
or  if  it  forms  higher  up  and  nearer  the  terminal  bninches  it  lies  in  the 
centrum  ovale.  In  either  ciusf^  if  the  hemorrhage  is  large  it  is  liable 
fo  break  its  way  into  the  ventricle. 

The  Sylvian  artery  and  its  branches  have  little  support  to  their 
walls,  as  they  lie  upon  and  not  in  the  brain,  and  are  also  |>rone  to 
the  development  of  mitiary  aneurisms.     Cerebral  hemoiThage  is  not 


A  FO  PL  EXT. 


493 


The  oonditinn  resiiUing  is  dp:^cril)ed  by  tho  Fronch  as  honior- 
;ic  softeriing  {ramoUi^sement  hemorrhagiqiie) .  It  is  present  in 
many  cells  in  the  brain  tissue  about  a  large  riot.  It  is  the  con- 
dition which  occurs  in  pyrimra,  in  pernicious  ana?mia,  and  in  leuco- 
cytha^mia, 

Fatholog-y  of  Oerebral  Embolism  or  Thrombosis,  The  arterj'  being 
occluded  by  an  eniboliLs  coming  frurn  the  heart  or  larger  arteries, 
or  by  a  clot  forraing  njjon  the  roughened  wall,  or  near  a  con- 
striction forTned  l»y  ol)liteniting  endarteritis,  tlie  l>rain  tissue  which 
is  supplied  witli  hlood  through  it  is  cut  off  from  its  nutrition.  The 
first  arrest  of  blood  supply  is  usually  extensive,  but  when  collateral 
circulation  is  established  tlie  fina!  urea  or  region  which  softens  may 
be  smalb     The  sutlden  slopjtage  of  circulation  in  the  artery  and  in 
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Tmuayene  b«cUod  of  the  middle  cerebral  ariery  fmm  a  ca«6  of  obUt«mt(iig  eadarterltii,  Tb« 
proltfenition  of  the  inner  coat  and  the  roductioti  of  the  lumeti  of  the  Teasel  are  evident 
(Spiller.) 

its  corresponding  veins  susi)end  the  functions  in  this  extensive  area^ 
but  as  the  collateral  circulation  is  resumed  the  functions  reappear  in 
all  but  the  parts  which  are  permanently  deprived  of  l>lood.  In  the 
cortex  the  collateral  supply  by  anastomosing  vessels  is  extensive. 
In  the  ganglia  and  capsule  it  is  verv^  imjXTfect,  as  the  arteries  are 
terminal.  Hence  the  permanent  effect  of  occlusion  is  more  serious  in 
lesions  of  the  arteries  of  the  base  tlian  in  those  of  the  branches  in  the 
cortex.  If  a  large  vessel  in  the  cortex — e.  g.^  a  main  liraticli  of  a 
Sylvian  arter>%  or  the  middle  cerebral  trunk  itself— is  plugged,  the 
area  of  softening  may  be  extensive.  When  a  vessel  is  occluded  a  clot 
forms  within  it  wliich  extends  backward  tu  the  next  large  branch.  In 
some  cases  a  second  embolism  is  produced  )iy  a  ijortion  of  this  clot 
being  swept  off  into  this  branch;  then  a  second  attack  follows  the 
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first  within  twenty-four  hours.  Tliis  is  the  exphmation  of  the  recur- 
rence of  symptoms  which  hav^e  a|)j)arently  sulisiiled  on  the  flay  after 
the  attack  in  cases  of  eiMbtihsni.  Thus  in  one  of  my  patients  three 
attacks  occurred  on  three  successive  weeks;  the  first  caused  paralysis 
of  the  arm,  the  second  of  arm  and  leg^  the  tliird  of  the  entire  side  and 
face. 

A  serous  infiltration  and  frdenia  of  the  brain  occurs  in  the  entire 
domain  of  the  arter>^  which  is  occluded,  within  an  hour;  but  this  is 
to  some  extent  relieved  when  the  collateral  circulation  is  established* 
Capillary  hemorrliage  or  diapedesis  of  blood  cells  is  also  found   in 

Fig.  2n. 


ObULeratJng  (HidnrUsdtii.  Tlie  Inllma  li  greAlly  tbtclcen«<]«  an<l  one-hair  of  the  lumen  ii  filled 
l^  deposit  of  Titfwljr-oTBaDlied  tUnm  tbnt  hati  uudergofie  fatly  deK«tieniaoD  In  Itji  outer  pftrU  A 
IbroiDtiQi  li  Men  adberonC  oa  one  lide  to  the  Intlma.  It  fiUed  tb«  vessel,  but  contrmoted  dtiflug 
tlM  prooMi  of  bftrdeulng  the  ipedmeii. 


the  frd(nn atonal  brain.  There  are  some  causes  of  apoplexy  in  which 
the  only  I<'sioii  found  after  <leath  i^  an  < edematous  state  of  one 
heniisi)here.  These  are  tfie  cases  in  which  a  thronibo.sis  of  one 
internal  carotid  or  middle  cerebral  has  been  followed  by  a  rapidly 
fatal  termination  before  softeninj^  hiis  been  producecL 

The  pathological  jnocess  in  cases  of  embrjlism  in  which  the  embol- 
ism is  of  bacterial  origin,  as  in  uleerative  cndocar<litis,  or  in  pyjeraic 
emboli,  is  somewhat  different,  as  there  is  an  acute  encephalitis  of 
limited  extent  set  up  in  the  necrotic  an*a.  In  addition  lo  the  fatty 
degeneration  there  is  an  infiltration  with  leucocytes  and  the  pro- 
duction of  jiiis  in  which  micro-organisms  are  found.  In  such  cases 
there  is  a  tendency  of  the  process  lo  extend  beyond  the  limit  of  the 
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tissue  first  deprived  of  its  blood  and  to  the  production  of  an  extensive 
encephalitis^. 

A  fatty  degeneration  and  a  necrosis  of  brain  tissue  follow  the 
occlusion  of  the  veas(^l  on  the  third  day.  In  the  softened  tissue 
there  are  at  first  extravasations  of  blood  and  pigment  granules  (red 
softening) ;  later,  after  four  weeks^  these  are  absorbed  and  the  tissue 
in  a  stage  of  fatty  degeneration  is  yellow  (yellow  softening).  If 
there  is  simple  necrosis  without  ^extravasation  or  fatty  degeneration 
in  the  white  matter,  the  brain  has  its  natural  color,  but  is  soft  (white 
softening).  Round  gramile  eelis  are  everywhere  to  he  found  in  this 
softened  tissue,  and  are  mingled  with  drops  of  myelin  in  all  stages 
of  fatty  degeneration.    The  perivascular  spaces  are  filled  with  leu- 

FIQ.  212. 


Obliterftting  eiidarteritfi.  Thickening  of  all  the  co*tsof  iho  irl€r>\  Tbe  intima  has  eocroftCbed 
upou  the  iDmeu.  The  new  tlMoe  bsH  undergone  ffttty  deg^nemtion,  and  &  eonstdemble  maas  of 
fatty  ddbrlH  In  whlcb  cbolesterin  cryit&li  can  be  se«a,  Mea  betwacQ  it  and  the  media.  A  thrombua 
li  neen  adherent  to  tbe  InilniA, 


cocytes  and  small  cells.*    The  softened  tissue  undergoes  liquefaction 

or  becomes  organized  by  a  connective  tissue  growth.  This  is  formed 
partly  from  hv^H^r^jlasia  of  the  gha  and  partly  from  the  connective 
tissue  of  the  smaller  vessels  which  proliferates.  It  contracts,  leav- 
ing a  depression,  or  a  cavity,  or  a  scar.  In  some  cases  a  cyst  with 
smooth  walls  and  serous  contents  is  formed.  Such  a  small  cyst  is 
showTi  in  Fig.  240,  in  the  midst  of  a  diffuse  tumor  of  the  optic 
thalanms.  The  size  of  the  arra  of  softening  and  of  the  sul^sequent 
scar  may  Ik*  very  smalh  so  that  at  the  autopsy  a  mere  patch  of 
sclerosis  is  found.  On  the  other  hand,  the  softening  may  involve 
almost  an  entire  hemisphere. 

*  See  Fricdiiiiiim,  Hondbk,  cIot  path.  Anat.  dea  Nerve nayslema,  S.  489,  1903. 
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Occasionally  bilateral  lesions  arc*  fountl  S<;*€on< lary  lirgeiieraiioas 
follow  softening  exactly  similar  to  those  following  hemorrhage! 
already  descriljed. 

The  situation  of  an  area  of  softening  due  to  embolism  is  not  wholly 
a  matter  of  aeeident.  As  the  majority  of  emboli  come  from  the 
heart  it  is  natural  that  embolisra  of  the  left  hemisphere  should  be 
more  frequent  than  that  of  the  right  hcniisphere;  (the  ratio  in  five 
to  four  causes) ^  the  cours*?  of  the  i>lood  current  from  the  aorta  lieing 
more  direct  into  the  left  carotid  artery,  Such  an  endiolos  if  large 
enters  the  middle  cerebral  artery  and  stops  it,  or  one  of  its  branches 
in  the  Sylvian  fissure,  thus  causing  a  necrosis  in  the  central  area  of 
the  brain  cortex.  If  small  it  is  more  likely  to  go  directly  up  with  the 
blood  current  into  one  of  the  branches  of  the  middle  cerebral  that 
enters  the  perforated  space.  It  is  found  that  60  per  cent,  of  eniboh 
enter  these  veasels,  25  jxt  cent,  enter  one  of  the  l)ranches  of  the 
Sylvian  artery,  and  the  remaining  15  per  cent,  enter  some  of  the 
smaller  l>ranehes  uf  the  Ijrain  axis.  Softening  of  the  cerebellum 
from  embolism  is  very  rare. 

The  situation  of  the  area  of  softening  due  to  thrombosis  depends 
on  the  size  and  position  of  the  thrombus.  It  is  determined  by 
statistics  that  thrombi  form  in  the  following  cerebral  vessels  in  the 
order  named,  viz.,  middle  cerebral  or  its  branches,  Ijasilar^  vertebral, 
anterior  cerebral,  and  posterior  cerebral. 

The  pathological  changes  following  thronibosis  differ  m  no  way 
from  those  due  to  embolism. 

The  relative  frequency  of  these  brain  lesions  may  be  gathered 
from  the  following  statistics.  In  190S  consecutive  autopsies  at  the 
Presbyterian  Hospital  there  were  112  cases  of  cerebral  hemorrhage 
and  48  cases  of  cerebral  softening.  tUd  scars  were  found  in  ten 
brains,  and  cysts  were  foufid  in  thirteen  brains,  all  but  two  hi  the 
basal  ganglia.     In  a  few  ca^^es  multiple  lesions  were  found. 

The  situation  of  the  hemorrhages  and  softening  was  as  follows: 


Table  IX,— Situation  of  Legions  in  Apoplexy. 

HeraorTbagc.        Sofleulng. 


Fmntal  lobe  «,...... 

.    20 

5 

l'*rietRl  lobe 

.   m 

10 

Occipilttl  lobe        .... 

5 

4 

Temporal  lobe       ... 

9 

» 

OftudAte  nucteiia    .        . 

i) 

3 

LestlctiUir  nucleiin 

.     H 

11 

OpUe  th&l&iiiue 

.     10 

4 

ttilernal  cftptule    . 

Ifl 

e 

Lateml  veDtiicle  . 

.     10 

... 

Pom 

,  11 

1 

Cerebellum     , 

i 

4 

Inferior  peduncle  of  cerobellum 

1 

,^ 

Under  corpor»  quadrl^femlnii 

4 

1 

On  floor  of  fourth  venlrlpk^ 

2 

,♦. 

C«Titrftl  part  of  cerobml  betultpliere . 

1 

& 

Multiple  tmail  hemorrhagoi      ,       .       .       . 

,     4 

... 
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Etiology.  Males  are  more  frequently  affected  by  the  vascular 
diseases  than  females,  and  hence  death  from  apoplexy  occurs  of tener 
in  men.  Of  one  hundred  consecutive  cases  of  my  own  eighty  were 
males.  No  age  is  exempt  from  cerebral  hemorrhage.  It  may 
occur  prior  to  birth,  and  the  infant  may  be  bom  with  a  clot  in  the 
brain.  Rupture  of  the  vessels  is  the  probable  cause  of  the  majority 
of  cases  of  infantile  cerebral  palsy  which  follow  traumatism  during 
labor  or  severe  convulsions.  Hence  the  lesion  may  occur  in  infancy 
or  childhood.  But  persons  in  middle  life  are  most  liable,  the  age 
from  forty  to  fifty  being  the  age  at  which  the  greater  number  of 
deaths  occur. 

Table  X. — Age  of  Onset  in  Apoplexy. 


Age. 

Cases  of  apoplexy,  with  autopsy. 
Tooth.             Dana.          Gintrac. 

Without 

autopsy. 

Starr. 

Tota 

1   to   20 8                       4                      19 

12 

48 

21    "    80 

7                      6                    19 

6 

38 

81    '•    40 

17                    10                    87 

15 

79 

41    ••    50 

43                    11                    21 

53 

128 

51     "    60 

24                      7                     19 

62 

102 

61    ••    70 

20                      10                     26 

41 

97 

71     •'    80 

6                        5                     22 

14 

46 

80    "    90 

5 

5 

When  the  condition  of  endarteritis  is  present  any  severe  effort, 
physical  or  mental,  any  sudden  emotional  shock,  any  sudden  ex- 
posure to  cold,  a  blow  on  the  head,  or  indulgence  in  alcohol,  or  the 
use  of  a  strong  heart  stimulant  may  cause  a  rupture.  Thus,  lifting  a 
heavy  weight,  straining  at  stool,  the  effort  of  coughing  violently,  or 
vomiting,  and  the  effort  of  running  fast  have  been  the  active  causes 
of  an  apoplexy  in  cases  of  my  own.  I  have  seen  two  cases  in  children 
suffering  from  whooping-cough.  I  have  known  a  sudden  grief  and 
sudden  fright,  and  also  a  long-continued  anxiety  followed  by  disap- 
pointment, and  in  several  cases  a  fit  of  rage,  to  be  the  cause  of  a 
hemiplegic  or  aphasic  attack.  I  have  known  many  cases  to  follow  a 
debauch.  A  cold  bath  has  been  known  to  cause  an  attack,  but  this 
I  have  seen  but  once,  when  it  was  taken  soon  after  a  hearty  meal. 
Grant  believes  that  strychnine  and  quinine  in  large  doses  may  cause 
an  attack.  I  have  seen  two  attacks  in  a  young  woman  subject  to 
purpura.  Oppenheim  records  a  case  of  hemorrhage  in  the  brain 
following  an  operation  for  bleeding  piles.  The  operation  was 
followed  by  hemorrhage  from  the  lungs  and  from  the  bladder  before 
the  apoplexy  occurred.  The  sudden  arrest  of  menstruation  is  said 
to  have  caused  apoplexy.  A  hemorrhage  sometimes  occurs  during  a 
severe  epileptic  fit.  This  is  a  common  history  in  children.  Cere- 
bral hemorrhage  is  the  cause  of  death  in  many  cases  of  chronic 
nephritis,  because  of  the  existence  of  hypertrophy  of  the  heart  and  of 
disease  of  the  arterial  walls,  which  are  constant  accompaniments  of 
that  affection.  The  increased  intra-arterial  pressure  produced  by 
the  force  of  the  blood  thrown  up  from  the  hypertrophied  heart  is 
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rcsponsibk*  for  the  ituijority  o(  causes  of  eeroVna!  hriiiorHiagf  nceurring 
during  Blight's  thseiist\  {ll8e^?  of  heinii>Iegia  occurring  with  or 
after  tliijhllicria,  scarlet  fever,  and  pneumonia  are  due  to  rupture 
of  the  art(*rit\<.  It  is  possible  that  the  toxins  of  the  disease  weaken 
their  walls. 

Tlie  condition  of  the  bloodvessels  in  purjjura  may  lead  to  cerebral 
hemorrhage,  also  the  state  of  the  blood  in  pernicious  anaemia  and  in 
leucoeythfenuiu 

The  causes  of  embolism  are  cardiac  diseas<:\  witli  the  formations 
of  vegetations  upon  the  valves  or  of  snuill  fil>riji  deposits  on  the 
rough  endocardium  wliicli  are  washed  into  the  circulation.  In 
ulcerative  en<locanlitis  these  contain  numerous  micro-organisms. 
Similar  emboli  may  come  from  the  interior  of  the  larger  arteries,  and 
atheroma  of  the  aorta  is  occasionally  the  cause  of  cerebral  embolism. 
An  eml>olus  in  a  small  vessel  may  arise  from  a  thrombus  in  a  larger 
vessel. 

Clots  may  also  eome  from  tin*  lungs  and  even  from  the  veins  of 
the  body  by  way  of  the  Inrger  veins  in  the  lungs.  Thus  cerebral 
embolism  is  a  frecnient  comjilicationof  tuberculous  disease  of  the  lungs 
and  an  occasional  corjiplication  of  pneumonia.  I  have  known  two 
cases  to  follow  jthlebitis  of  the  safihenous  vein.  The  exciting  cause 
of  the  embolism  may  be  a  sudden  physical  effort  or  a  sudden  mental 
or  emotional  shock. 

The  cause  of  thrombosis  is  any  form  of  endarteritis  winch  narrows 
the  bloodvessel  and  finally  obliterates  its  lumen,  leailing  to  an  ol> 
stniction  of  the  blood  current  and  lo  thr*  formatinn  of  a  clot.  Ob- 
literating enilarleritis  of  syphilitic  origin  is  the  usual  condition  lead- 
ing to  sneh  a  filling  up  of  the  vessel,  and  as  it  is  a  very  common  con- 
dition it  is  the  active  cause  of  the  majority  of  cases  of  apoj^lexy  in 
yomig  persons.  Senile  endarteritis  is  also  very  connnon.  The 
exciting  cause  of  the  formation  of  a  thromlnis  is  anything  which 
weakens  the  action  of  the  In^art  and  thus  slows  the  bhxxl  current. 
Cases  of  apoplexy  occurring  during  sleep  are  usually  easels  of  throm* 
bosis, 

A  general  state  of  weaknes^s,  a  sjiieope,  the  reaction  which 
follows  effort,  mental  excitement,  or  emotional  shock,  a  fright,  or 
a  condition  of  exhaustion  from  malnutrition  or  starv^ation,  may 
induce  such  a  state  of  weakness  in  the  heart  as  to  lead  to  a  stasis  in 
the  vessels;  and  if  such  a  stasis  occurs  in  a  vessel  whos(3  lumen  is 
contracted  or  whose  wall  is  rough  a  clot  may  form.  It  is  not  certain 
whether  pathological  states  of  the  blood  may  lead  to  the  fonnation 
of  clots  within  the  vessels,  though  this  is  the  theorj'  which  accounts 
for  the  cases  of  thrombosis  occurring  in  infectious  diseases,  in 
phthisis,  in  gout,  rheumatism,  ana-mia,  chlorosis,  leucocythemia, 
and  in  the  puer^ierat  state. 

Symptoms.  The  sjmiptoms  proilueed  by  vascular  disease  in  the 
brain  are  so  nearly  alike  in  eases  of  hemorrhage  and  softening  that 
they  may  be  described  together.     It  is  admitted  that  in  extreme 
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ea^ses,  such  as  a  large  heniorrhai^?  or  a  small  embolistu  they  differ 
widely^  ami  that  tlit-n  a  differcntiarKm  eau  be  reached.  But  it 
has  been  my  experience,  from  a  study  of  a  large  number  of  such  cases 
cliu'inglife  and  a  comparison  of  symptoms  with  pathological  findings^ 
that  it  is  Boi  possilile  to  arrive  at  a  positive  accurate  diagnosis 
between  a  clot  and  a  softening  in  more  than  one-half  of  the  cases. 
Hence  these  sym|>toms  are  here  discussed  together. 

Fremonitory  Symptoma,  In  all  cases  of  endarteritis  the  patients 
sutTer  from  symptoms  of  disturbance  of  the  circulation  in  the  brain 
for  some  months  or  even  years  l>efore  an  actual  attack  of  an  apo- 
plectic nature  occurs.  Miliary  aneurisms,  however,  <lo  not  usually 
produce  any  symptoms,  and  may  be  latent  until  they  burst.  The 
cases  which  imiformly  escape  prodromata  are  cases  of  cerebral 
embolism  due  to  heart  disease  or  those  not  arising  from  endarteritis. 

These  symptoms  are  peculiar  sensati«>ns  of  oppression  in  the  head, 
an  internal  pressure,  the  sensation  of  a  band  about  the  forehead,  or 
of  fulness  and  i)ulsation  of  the  vessels.  Tliesc  come  and  go  irregu- 
larly for  months,  siimetirnes  after  physical  or,  more  commonly,  after 
mental  effort  or  emotional  excitement;  sometiines  in  coimection 
with  atniosjiheric  changes,  to  which  some  jjersons  are  particularly 
susceptible:  sometimes  without  known  cause.  The  inHuence  of 
alcoholic  stimulants  is  more  quickly  felt  by  persons  who  have  end- 
arteritis, and  in  such  jx*rsons  disturl)ances  of  digestion  are  likely  to 
cause  vertigo  and  headaehe. 

Htadaehv  is  prol>aljly  the  most  common  symptom  of  endarteritis. 
It  is  usually  a  dull  frontal  or  occipital  pain,  rarely  unilateral,  and 
varying  in  intensity  from  hour  to  hour  while  it  lasts.  It  occurs  after 
mentid  or  |>hysical  efffjrt  or  very  often  after  anything  which  ex- 
hausts the  strength  or  deiiletes  thi*  nutrition.  It  may  be  due  to  con- 
gestion of  the  brain,  and  is  then  shown  by  a  redness  of  the  face»  with 
distended  veins  and  red  eyes  and  a  feeling  of  fulness  and  pulsation. 
It  is  equally  fre( plenty  however,  in  conditions  of  cerebral  anaemia  and 
malnutrition:  for  pah%  ili-nourishetl  persons,  or  those  who  have  had 
exhausting  <lis4^ases,  or  wiio  have  a  weak  heart  are  just  as  subject  to 
headache  as  are  the  plethoric.  In  such  patients,  however,  there  is  no 
congestion  of  the  face  and  eyes;  and  the  pain  is  often  felt  in  the 
vertex.  Headache  is  rarely,  if  ever,  a  continuous  symptom,  and  the 
attacks  are  sontetimes  few  and  infrr([u<*nt,  in  other  cases  very 
common.  Few  |>atients  escafM.'  |>rior  to  an  afioplectic  attack.  Tlie 
headaclie  in  sj'pliilitic  cases  is  usually  felt  in  the  afternoon  and 
evening.  It  is  remarkable  that  very  severe  ami  ]XTsistent  headache 
often  disapfiears  at  once  after  an  apo|>lectic  attack.  Wlien  such  an 
attack  is  followed  by  severe  or  persistent  h(*adache  the  pn»gnosis  is 
most  unfavorable. 

AftfJcH  of  viTlitjo  are  among  the  common  symjitoms  of  endar- 
teritis, coming  sudderdy  after  efforts,  such  as  straining  at  stool, 
running,  or  lifting  weights,  or  after  excitement,  or  in  fXTsons  of 
weak  heart,  after  a  meal    They  usually  alarm  the  individual,  being 
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sonietiiiies,  but  not  often,  bad  enough  to  cause  staggerkig  or  the  need 
of  lying  down.  They  are  eomiiionly  merely  of  the  nature  of  a  sense 
of  swaying,  or  a  sense  of  uncertain  stal)ility^  or  of  a  movement  of  the 
floor.  If  a  person  has  a  severe  attack  of  vertigo  with  inaliility  to 
rise  and  with  attendant  faintness  and  vomiting,  it  is  probably  due  to 
the  formation  of  a  small  thrombus  or  to  a  minute  hemorrhage  in  the 
cerebelluoi.  Such  attacks  often  pass  off  and  leave  no  permanent 
trace^  but  occasionally  they  are  followed  soon  by  more  serious 
symptoms. 

Insomnia  is  a  symptooi  of  endarteritis-  The  patients  camiot  get 
to  sleep  on  going  to  bed»  and  lie  and  toss  and  think  and  w^orrj' ;  finally 
they  are  exhausted  and  fall  into  a  light  sleep  in  which  they  twitch 
and  turn  and  are  troubled  by  distressing  dreams,  waking  in  the 
morning  without  any  sense  of  rest.  This  is  a  condition  commonly 
associated  with  congestion  of  the  brain.  It  may  be  flue  to  Too 
forcible  heart  action,  as  in  ca^es  of  endarteritis  associated  with  neph- 
ritis and  hypertrophy  of  the  left  ventricle^  or  in  cases  where  the 
arteries  are  so  rigid  as  to  have  lost  their  elasticity  and  powder  of 
physiological  contraction  during  sleep.  After  this  kind  of  insomnia 
rupture  of  liie  artery  with  the  formation  of  a  clot  is  more  eonnnon 
tlian  thrombosis.  In  other  ca^^s  the  obstruction  to  the  circulation 
causes  insomnia  by  depriving  the  brain  of  l>Iood  and  nutrition.  In 
this  condition  the  patients  are  unusually  drowsy, doze  in  the  daytime, 
especially  after  meals,  and  fall  avsleep  as  soon  as  they  go  to  bed. 
They  sleep  lieavily.  often  snoring  when  this  is  not  their  habit,  Imt 
after  three  or  four  hours  they  wake,  and  then  cannot  get  to  sleep 
again.  The  insomnia^  therefore,  in  such  patients  is  worse  in  the 
early  morning  hours.  They  watch  the  day  break  and  are  early 
risers.  This  type  of  insotmiia  is  more  difficult  to  treat  successfully 
than  the  other  type.  For  while  the  former  can  be  cured  by  warm 
baths,  by  hot  drinks,  and  food,  by  the  synthetic  hypnotics  and 
bromides,  the  latter  often  is  intractable.  Sometimes  a  light  meal 
taken  in  the  night  on  waking,  or  a  heart  stimulant,  is  followed  by  a 
nap,  but  liyjinotics  are  useless.  These  |>atients  often  have  their 
apoplectic  attacks  during  the  night,  and  it  is  usually  due  to  throm- 
bosis rather  than  to  the  ruptm'e  of  a  vessel.  When  syphilis  is  the 
cause  of  endarteritis  the  patients  usually  have  difficulty  in  geUing  to 
sleep  early  :  but  they  sleep  heavily  and  are  wakent^d  with  difficulty, 
being  dazed  for  some  moments  after  waking. 

Maital  symptoms  are  frec[uent  |>rodroniata  of  an  apoplex>%  and 
are  often  present  in  a  state  of  endarteritis.  These  may  consist  of  a 
sense  of  difficulty  in  fixing  the  attentiou,  a  defective  niemor>"  of 
names,  a  slight  tendency  to  use  one  word  in  place  of  another,  a  con- 
fusion of  thoughts,  or  even  an  inability  to  think  without  conscious 
effort  and  distress,  and  a  marked  emotional  state  due  to  a  lack  of 
self-control.  Thits  patients  may  be  irritable  and  im]>atient  on 
slight  ctmse,  may  get  enraged  at  little  things,  or  may  hiugh  or  cry* 
with  hardly  any  provocation.     It  is  common  for  these  symptoms  to 
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be  associiitiHl  with  headache  and  to  be  of  t en ipomiTeharacteiM mass- 
ing away  with  the  pain.  Palients  may  suffer  for  many  months  from 
these  mental  sym|>toms,  and  such  symptoms  may  be  the  only  ones 
observed  even  m  an  attaek. 

Senmtions  of  nuftibness  in  one  arm  or  in  one  leg  or  in  one  entire 
side  are  not  uneonnnonly  eoniplained  of  by  persons  who  are  the  sub- 
jects of  endarteritis,  and  are  verj*^  coDimon  prodroniata  of  an  apo- 
plexy. In  two  hundred  consecutive  cases  of  apoplexy  in  my  private 
practice  of  which  I  have  full  histories,  a  coriiplaint  of  i>receding 
nimilmess  had  been  made  in  eighty-six.  This  consists  of  a  tmgling 
feeling,  or  the  same  sensation  as  when  one's  foot  is  asleep.  It  lasts  a 
few  moments  or  even  a  day  or  two,  and  then  passes  off.  It  may  be 
produced  experimentally  in  one-half  of  the  body  by  compressing  the 
opposite  carotid  arteiy,  and  hence  is  clue  to  a  disturbance  of  the 
circulation  producing  anaemia.  When  such  an  attaek  of  numbness 
wakens  a  person  at  night  it  may  cause  much  alarm.  It  is  not  to  be 
confoimded  with  local  pressure  on  the  ulnar  nerve,  as  it  is  diffused 
over  the  entire  hand;  nor  with  the  numb  fingers  of  acro~par£es- 
thesia,  wliich  is  bilateral  ;  nor  with  venous  stasis  in  the  limb  from 
pressure  wdiich  is  attended  by  congestion  and  pain.  It  may  remain 
permanently,  under  which  circumstances,  an  actual  ruptin-e  of  a 
vessel  or  a  stasis  of  blood  in  it  has  occurred-  And  after  an  attack  of 
apoplexy,  with  or  without  paralysis,  numbness  in  the  affected  side  is 
almost  always  present  and  rentaitis.  Hence,  when  such  attacks  of 
numbness  occur  they  are  an  infallil>le  warning  of  the  danger  of 
apoplexy.  Yet  I  now  have  patients  under  my  care  who  have  had 
many  such  attacks  for  several  years,  l>ut  never  liave  had  anything 
more  serious.  The  numbness  is  rarely  attended  by  an  objective 
anaesthesia.  It  is  a  purely  subjective  symptom.  Sometimes  a 
slight  awkwardness  is  associated  with  it,  but  when  an  actual  ataxia 
develops  it  is  t>ecause  a  lesion  has  occurred- 

Rinfiing  in  the  ears^  noises  like  bells  or  whistles  heard;  flashes  of 
light  before  the  eyes,  or  a  sudden  sense  of  blindness  in  one  side  pass- 
ing off  in  a  few  moments;  a  subjective  sense  of  a  had  odor  or  an 
tmusuat  laste  have  occurred  in  different  persons  as  proclromata  of 
apoplexy  and  as  symptoms  of  endarteritis,  but  are  far  less  common 
than  the  oilier  symptoms  mentioned.  Nose-bleed  is  common  in 
persons  with  endarteritis,  and  retinal  hemorrhages  are  sometimes 
found  by  ophthalmoscopic  examination. 

The  proclromata  of  an  apoplectic  attack  may  occur  for  many 
months  or  years  and  never  be  followed  by  a  stroke.  They  should 
never  be  disregarded,  however,  by  patient  or  physician,  and  it  is 
better  far  to  take  pains  to  avoid  the  active  causes  of  a  cerebral 
hemorrhage  or  thrombosis  than  to  suffer  its  consequences. 

Some  form  of  prodroma  had  lieen  felt  in  more  than  one-half  of  my 
two  himdred  casf^s. 

The  apoplectic  attack  which  announces  the  occurrence  of  a  cere- 
bral hemorrhage,  or  an  embolism,  or  the  formation  of  a  thrombus 


502 


THE  CEREBRAL  DISEASES  OF  VASCULAR  ORIGIN, 


is  always  of  sudden  onset  and  oaasei^  a  grr:it  mental  shock  to  the 
patient.  Apoplexy,  the  falling  asif  struck  down^Ls  not  always  at  tended 
by  unconsciousness.  In  fifty-fnur  out  of  two  liundred  eases  a  loss 
of  consciousness  occurred.  Hut  in  the  hospital  piitients  oliserved  the 
proportion  was  much  greater,  and  in  ijatients  who  die,  unconscious- 
ness at  the  onset  is  the  rule.  The  coma  is  attended  by  stertoroua 
breathingp  by  full,  slow^  tense  pulse,  not  irregular  or  ijiterniittent,  by 
marked  venous  congestion  of  the  face,  and  by  complete  rHaxatiim  of 
the  limbs,  so  that  it  is  sometimes  diflicult  to  determine  whether  one 
side  of  the  body  is  paralyzed.  In  some  cases  the  head  and  eyes  are 
turned  towartl  the  lesion.  The  pupils  are  usually  dilated  in  cases  of 
hemorrluige,  the  one  on  tlie  side  of  tlje  lesion  being  the  larger,  and 
they  fail  to  react  to  light.  In  pons  lesions  they  are  contracted.  The 
corneal  reflex  is  lost,  so  tliat  irritation  of  the  eye  does  not  cause  a 
wink.  The  temperature  usually  falls  at  first,  and  then  begins  to  rise 
mthin  a  few  hours,  the  paralyzed  side  being  a  degree  liigher  than 
the  other.  There  niay  be  an  immediate  un(H>nscious  evacuation 
of  the  bladder  and  rectum,  if  these  are  full.  If  not,  there  is  uiHually 
retention  of  urine  during  the  jjcriod  of  imct^nsciousne.ss^  m\A  the 
bladder  has  to  be  emptied  by  catheter  to  avoid  it«  rupture.  The 
state  of  coma  may  continue,  the  tem]jerature  may  rise  to  104"^  or 
105°  F.,  opdema  of  the  lungs  and  heart  failure  may  follow,  and  the 
patient  may  die  within  a  few  hours  or  on  the  following  day,  (Occa- 
sionally in  persons  of  good  vitality  the  fatal  result  may  Ix^  delayed  as 
long  as  a  wTek,  consciousness  never  returning.  In  these  cases  the 
greater  relaxation  of  tiie  liml>s  on  one  side,  a  manifest  drawing 
of  the  face  and  elevation  of  the  corner  of  the  mouth  on  the  non- 
paralyzed  side,  with  dribbling  of  saliva  on  the  other  side,  the  faihu-e 
to  elicit  reflex  movements  l>y  pricking  one  side,  the  loss  of  skin 
reflexes  and  loss  or  exaggeration  of  tendon  reflexes,  the  occurrence  of 
automatic  or  instinctive  niovenicnts  on  the  non-|>aralyzed  side,  or 
a  marked  contracture  of  the  arm  ant!  leg,  indicate  the  existence  t>f  a 
hemiplegia.  In  one  girl  who  n(*ver  recovered  consciousness,  and 
whose  le."^ion  w^as  an  extensive  hemorrhage  at  the  base  after  fracture, 
any  attem|>t  to  uncover  the  boily  *^atised  an  aut«»matic  grasp  and 
effort  to  draw  up  the  bedelothing  on  tlie  unparalyzed  side.  The  con- 
dition of  coma  is  more  likely  to  occur  when  the  lesion,  either  a  clot 
or  softening,  is  deep  in  the  hemisphere,  is  near  the  lateral  ventricle, 
or  involves  the  optic  thalamus.  It  is  also  an  indication  of  a  large 
hemorrhage  or  the  plugging  of  a  large  vessid.  Extensive  cortical 
clots  or  thrombi  almost  always  cause  coma,  but  small  ones  do  not. 

The  condition  of  coma  is  usually  attended  by  a  marked  increase  of 
arterial  pressure,  as  shown  by  the  state  of  the  pulse  and  the  soimds  of 
the  heart.  This  is  the  probable  caust^  of  the  increa,sed  .secretion  of 
urine  which  always  follows  an  attack.  The  urine  if  examined  is 
often  found  to  contain  alliumin  and  sometimes  sugar,  which  dis- 
appear witliin  a  week  after  the  attack,  and  may,  therefore,  he  due 
to  the  increased  arterial  pressure. 
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The  attack  uf  apoplexy  Miay  be  attended  hy  a  convulsion.  This 
may  be  general,  and  if  repeated  is  an  indication  that  the  clot  has 
burst  into  the  ventricles.  It  is  a  most  unfavorable  prognostic 
syniptoni.  The  convulsion  may  also  be  uniltit(*rab  This  is  an 
almost  iJifallible  sign  of  a  lesion  of  the  cortex  in  tin*  central  region. 

If  the  patient  recovers  consciousness  after  the  attack  the  mind  is 
usual! V  very  dull,  and  response  to  questions  is  for  some  hours  un- 
possible.  Then  attempts  to  talk  are  made,  antl  if  there  is  no  aphasia 
they  may  be  intelligent.  Frequently  it  is  some  days  before  the 
patient  ri'cognizes  his  surroundings.  As  the  mind  l>eeomes  clearer  a 
definite  estiniate  of  the  syiuptonis  present  heeoines  poasible. 

Ill  the  majority  of  eases  jxiralysis  is  found.  This  was  present  in 
one  himdred  and  seventy-seven  out  of  two  hundred  patients.  It 
occurs  in  the  form  of  hemiplegia  and  afft^cts  one  side  of  the  body  only. 
The  face  is  drawn  to  the  non-panilyzetl  side,  as  there  is  no  longer  any 
opposition  to  the  normal  tone  of  the  non-paralyzed  muscles.  This 
gives  an  unnatural  apf>earance  to  the  face  which  sometimes  leads  the 
unpractised  obs**rver  to  suppost^  that  the  drawn  side  is  the  one  which 
is  }>aralyzed,  Tlie  muscles  about  the  eye  which  close  tlie  lids  are  not 
involved,  and  thus  the  fatnal  i>aralysis  in  hemiplegia  differs  from  that 
due  to  an  affection  of  the  facial  nucleus  in  the  pons  or  of  the  facial 
nerve,  in  which  the  eye  cannot  be  closed.  The  motion  of  the  eyes 
is  not  affected  except  iti  lesion  of  the  crura  or  of  the  corpora  quadri- 
gemina.  Deviation  toward  one  side  may  occur  dimng  the  coma, 
but  this  does  not  pei*sist  when  conseiousness  returns.  The  tongue  is 
also  paralyzed,  and  wlien  protruded  turns  toward  the  paralyzed  side, 
being  pushed  over  by  tin*  healthy  nuiscle.  Swallowing  may  be 
difficult  and  choking  frequent  for  some  days  after  an  attack,  and 
this  is  a  sign  of  unfavoralile  prognosis.  The  head  can  usually  be 
turned  freely,  though  in  severe  cases  the  same  tendency  to  turn  both 
eyes  and  heatl  away  from  the  jjaralyzed  side  present  in  the  eoma 
may  persist  for  some  da^^s.  It  is  due  to  the  action  of  normal  muscles 
w^hose  opponents  are  paralysed.  The  arm  and  leg  are  com[>letely 
paralyzed,  are  relaxed  and  offer  no  resistance  at  first  to  jiassive 
motions.  The  paralyzed  muscles  show  a  normal  electrical  reaction, 
and  have  no  tendency  to  rapid  atrojvhy  or  to  (il>rillary  twitching. 

During  the  coma  and  state  of  slioek  the  tendon  reflexes  may  l>e  lost, 
but  they  soon  return,  and  by  the  end  of  the  second  day  are  exag- 
gerated on  the  paralyzed  sifle,  the  knee-jerk  being  high,  and  a  crossed 
thigh-jerk  l)ring  sonietirnes  obtained;  that  is,  a  slight  adduction  of 
the  well  tfiigh  and  extension  of  the  well  leg  follows  a  tap  on  the 
patelhi  tendon  of  tlie  jiaralyzed  side.  Ankle  clonus  is  often  ob- 
tained, and  also  a  retraction  of  the  great  toe  on  irritating  the  sole  of 
the  foot  (Babinski-s  sign).  These  symptoms  continue,  even  though 
the  paralysis  impnn-es.  The  skin  reflexes  are  lost  on  the  paralyzed 
side,  a  sign  of  great  diagnostic  inqjortance  in  distinguishing  a  true 
from  a  false  (hysterical)  hemiiilegia.  The  body  is  sometimes 
paralyzed  so  that  the  patient  cannot  turn  in  bed,  or  move  his  body,  or 
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sit  up.  Inspection  of  the  chest  iLsiially  shows  that  respiratory 
movements  an?  more  active  on  the  paralyzed  side.  The  control  of 
the  bladder  and  rertum  arc  lost,  and  either  involuntary  evacuations 
or  retention  inay  «'ontinue  for  many  days. 

As  time  goes  on  the  hemiplegia  may  gradually  subside,  I  have 
known  it  to  pass  off  in  part  after  three  months  of  complete  paralysis, 
so  that  the  patient  eventually  walked  and  signed  his  name.  As  a 
rule,  some  beginning  %'oluntary  motion  is  evident  by  the  end  of  two 
or  three  weeks,  the  power  of  drawing  up  the  leg  be  ng  the  first  to 
return,  then  to  stretcli  out  the  leg,  then  the  |>ower  to  move  the  ankle, 
and  finally  some  flexion  of  the  elbow  and  shoulder.  Tlie  finer 
motions  of  the  hand  and  foot  are  regained  last  of  al!,  if  they  return 
at  all  The  face  appears  straigfiter  in  the  course  of  two  months. 
Walking  can  be  resumed  after  a  light  attack  within  a  month,  but 
may  be  regaint^d  after  a  year  of  paralysis. 

Ever}-^  possible  variation  in  the  degree  of  the  original  hemiplegia 
may  be  observ^ed.  In  light  attacks  a  sense  of  weakness  only  is  com- 
plained of,  and  tliese  ]mtients  are  awkward,  hut  do  not  lusn  power 
in  any  muscle?  aljsolutely,  and  are  soon  able  to  use  the  hand  and  to 
walk.  Such  patients  recover  entirely,  and  may  have  no  trace  of  the 
attack  at  the  end  of  the  year.  After  severe  attacks,  however,  in 
whicli  the  motor  tract  is  injured,  and  in  which  a  descending  degen- 
eration occurs,  a  partial  hemi|>legia  remains.  The  muscles  gradually 
become  rigid  and  slow  and  stiff  in  motion^  the  power  of  finer  move- 
ments being  chiefly  impaired:  the  tendon  reflexes  are  exaggerated, 
B8  m  also  the  muscular  irritability,  so  that  tapping  a  muscle  causes  it 
to  contract. 

The  gait  in  hemiplegia  is  typical  Tlu^  entire  side  of  the  body 
seems  to  move  together,  the  body  being  stiff,  tlie  shoulder  falling 
toward  the  weaker  side,  the  arm  being  carried  in  an  adducted  flexed 
position  witli  wrist  pronated  and  fingers  f1exe<|^  (he  leg  being  drawn 
forwanl  with  little  bending  of  the  knee  and  ankle,  or  being  carricil 
about  in  the  arc  of  a  circle,  the  ball  of  the  foot  and  it«  inner  side 
scraping  the  floor.  The  foot  is  sometimes  turned  in  and  scra|>ed  along 
the  floor  on  its  outer  side. 

When  the  origimd  lesinn  has  been  located  in  the  cortr*x  but  one 
limb  may  l)e  paralyzed,  \\1ien  it  lies  in  the  crus  the  eye  on  the  side 
of  the  lesion  cannot  be  turned  inward,  upward,  or  downward;  its 
pupil  is  dilated,  and  there  is  a  falling  of  the  upper  lid.  When  it  lies 
in  the  lowi-r  half  of  the  pons  a  condition  of  alternating  paralysis  is 
produccil,  tlie  face  being  paralyzes!  on  the  side  of  the  lesion,  the  arm 
and  leg  ujion  the  other  side.  In  this  conditii>n  the  facial  palsy 
involves  tlie  upfier  branch  of  the  facial  nervT  so  that  the  eye  cannot 
be  closed.  In  a  few  cases  of  lesif»n  in  the  medulla  the  face  has 
escafieil,  tlie  tongue  lias  been  |»araiyzed  on  the  side  of  the  lesion, 
and  arm  and  leg  on  the  o|ijmsite  sirle.  In  hemorrhage  into  ttie 
ventricles,  and  occasionally  in  small  lesions  of  the  j.»ons  and  medulla 
in  the  raph('*,  a  bilateral  or  a  general  paralysis  of  all  the  limbs  is 
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produceiL  Thus  the  original  or  i>ernianc'iit  thstribiition  of  the  par- 
alysis indif*atf*s  llir  |)nsitiuri  of  \\w  lesion.  In  1200  cases  of  apoplexy 
right  heini])Iegia  oecurretl  in  96  eases,  beirig  permanent  in  73;  left 
hemiplegia  oeeyrretl  in  55^  being  permanent  in  44,  alternating 
paralysis  occnrred  in  4,  a  lesion  of  the  cms  cerebri  in  1,  and  tot  id 
paralysis  in  2.      (See  page  433,) 

In  some  eases  hemianwsthesia  arcompanies  the  hemiplegia;  in  a 
few  causes  it  is  tlie  only  symptom  produced.  In  the  majority  of  cases 
of  apoplexy  it  is  absent.  The  synif^tom  is  a  sensation  of  numbness 
in  one  side,  accompanieil  by  a  certain  degree  t*f  loss  of  the  power  of 
perceiving  touch,  or  pain,  or  sensations  of  heat  and  cold.  The  loss 
of  sensation  is  never  permanently  com|>lete  in  organic  lesions.  In  all 
cases  after  the  shock  has  paased  away  and  consciousness  is  clear 
some  sensation  is  perceived,  es(x*€ially  in  the  shoulder,  or  thigh,  or  foot. 
One  of  these  senses  may  l>r  partly  lost,  the  others  being  preserved. 
Thus  in  several  of  my  patients  touch  was  very  much  impaired,  but 
hot  and  cold  objects  and  painful  pricks  were  felt  keenly.  In  one 
ease  touch  was  not  affected,  but  pain  could  not  be  felt,  nor  differ- 
encesof  temperature.  In  two  cases  the  fiatient  had  a  constant  sen- 
sation of  cold  in  tlie  left  side,  could  not  feel  warm  objects  as  such  at 
all,  but  felt  them  iis  cold,  and  felt,  touches  and  painful  sensations, 
but  less  keenly  than  on  the  well  side.  In  one  of  these  cases  there 
was  a  hemipk^gia  as  well  ;  in  tlie  (>ther  cerebellar  s}^nptoms  without 
hemiplegia.  In  another  ease  the  sense  of  pain  ami  of  heat  was  lost, 
but  cold  could  be  felt,  and  a  subjective  feeling  of  cold  was  present  all 
the  time.  This  patient  was  slightly  heniianiesthetic  but  had  no 
paralysis.  An  alternating  hemiana*sthesia  may  be  caused  by  lesions  in 
the  pons  or  medulla,  as  in  three  of  niy  patients,  without  any  paralysis. 
The  degree  of  the  anaesthesia  may  vary,  being  vt^ry  slight  in  many 
patients  and  only  detected  by  careful  comparison  of  the  two  sides  of 
the  body  simultaneously  tested.  In  many  cases  the  hemiana^sthesia 
found  immediately  after  the  attack  passes  off,  and  in  the  course  of  a 
month  sensation  is  normal.  It  is  only  when  the  sensory  tract  lying 
behind  the  motor  tract  in  the  capsule  is  destroyed,  or  wlien  the  optic 
thalamus  is  affected  that  a  permanent  blunting  of  sensation  remains. 
And  this  is  never  total,  as  each  liemispliere  of  the  brain  receives 
some  impressions  from  both  sides  of  the  !)ody.  In  200  eases  right 
herniana'Sthesia  was  found  in  21,  l»eing  permanent  in  17;  left  hemi- 
anaesthesia  was  found  in  20,  being  permanent  in  19,  alternating 
anaesthesia  was  present  in  3  and  permanent.  A  loss  of  tactile 
memories  is  sometimes  present  and  indicates  a  lesion  of  the  cortex  in 
the  parietal  area.  Thus  patients  who  are  blindfolded  cannot  recog- 
nize objects  placed  in  the  hand.  This  may  occur  even  w^ien  the  hand 
is  not  anaesthetic.     It  is  termed  astereognosis.     (See  i>age  438.) 

Hemiatajia  or  an  impairment  of  muscular  sense  and  consequent 
awla\'ardness  of  movement  is  an  infrequent  accompaniment  of  hemi- 
plegia. It  may  occur  alone.  It  leads  to  an  inco-ordination  of 
motion,  both  in  the  gait  and  in  the  use  of  the  hand.     In  4  cases  out 
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of  20D  it  was  noted,  and  in  all  it  was  pprnianeut,  in  3  being  at  first 
aasoriatai  with  hemiplegia.  In  one  case  it  was  attended  by  a  coni- 
plete  loss  of  tempenitnre  sense,  the  sense  of  ])aiii  Ijeing  pres(M'ved, 

Heffiianopsia  is  a  freqnent  syniptoni  of  ai)Opiexy,  It  is  bilateral 
homonymous  hemianopsia,  causing  blindness  in  one-half  of  both 
eyes.  As  a  rule  the  patient  a]>preriates  the  blindness  in  the  eye 
whose  temporal  fiel^l  is  blind,  antl  is  not  aware  that  the  other  eye  is 
affected  until  the  physieian  tests  the  visual  helds.  Hemianofisia  is 
usually  a  permanent  symptom.  In  only  2  out  of  13  ca.^es  in  the 
series  of  200  eases  did  it  |)ass  away.  But  a  gradual  increase  in  the 
area  of  the  visual  field  is  common,  and  I  have  charts  which  show  a 
great  imjirovement  in  vision.  In  the  patients  who  recover  the  visual 
tract  has  been  compressed  but  not  destroyed.  When  tlie  lesion 
is  in  the  visual  tract  beneath  the  cortex  the  visual  Holds  are  more 
irregular  and  asymmetrical  in  outline  than  when  the  corlex  is  affectetl. 
Right  hemianopsia  is  more  common  than  left  hemianopsia — 9  to  4 
in  my  series  of  cases.     (See  j>age  453.  J 

A  loss  of  visual  memories  indicates  a  lesion  of  the  cortex  of  the 
occipital  lobe  antl  anguhir  gyrus.  It  is  termed  mind-bliodness  or 
psychical  blindness,  and  when  limited  to  the  memories  of  written 
language  is  termeil  word-lilitidncss,  I  have  seen  tliis  as  the  chief  and 
only  permanent  local  symptom  of  an  apoplexy:  the  patient,  w^ho 
could  tfdk  and  wriU',  and  was  not  paralyzed,  was  unable  to  recog- 
nize friends  and  familiar  places,  and  \vas  unaljle  to  read  at  all  even 
sentences  lie  had  just  written.  It  is  usually  associate* t  with  right 
hemianopsia.  A  loss  of  color  'vision  alone,  hemicliromatopsia,  in 
one-half  of  Ijoth  eyes  has  been  described,  but  is  very  rare.  I  have 
never  seen  this  condition.     (See  page  448.) 

Aphasia  is  a  cooimoa  symptom  in  ajxiplexy,  being  associated 
with  right  hemiplegia  in  right-hanrled  people  and  with  left  hemi- 
plegia in  left-handed  people.  In  two  of  my  crises  it  was  attended  by 
left  hemiplegia:  l>oth  patients  were  left-handed.  It  is  usually  uf 
thf*  form  of  motor  aphasia,  but  any  of  the  various  forms  may, 
of  course,  be  found.  Aphasia  may  occur  as  the  only  symptom  of 
an  apoj)lexy;  l)ut  this  is  rare.  In  tlie  200  easi'S  of  aptjplexy,  118 
patients  ha<l  aphasia  at  the  onset,  and  in  84  this  condition  was 
never  eotirely  recovererl  from,  though  a  very  marked  imtirovement 
occurred  in  the  majority  of  patients  w^hen  they  lived  over  two 
months.  In  17  of  these  cases  aphasia  occurred  alone;  in  the  others 
it  was  associated  with  hemiplegia.  In  I  case  it  pass^sl  away  entii'ely, 
though  it  w^as  the  only  symptom  of  the  attack,  and  in  another  ca^e 
it  sul>sided  wholly  after  four  months.  In  many  caj=5(\s  the  aphasia 
remained  after  tlie  hemiplegia  had  entirely  passed  off.  The  various 
forms  of  aphasiia  and  their  significance  in  determining  the  location 
of  the  lesion  have  already  been  considered  (page  464), 

The  mental  ai/mptoms  occurring  in  apoplexy  have  not  l>eeii  suf- 
ficiently emphasizerl  in  text-books.  Some  cases  of  a]»oi)Iexy  occur 
in  which  they  alone  are  present;  confusion  of  mind,  and  inability  to 
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think,  to  remember,  or  to  fix  the  attentioiu  together  with  a  great 
emotional  exeitement  and  hiek  of  control,  being  felt.  In  very  many 
cases  some  mental  syini>toms  are  present,  and  tlje  mind  is  never  as 
strong,  ai3  active,  and  as  useful  as  before  tlie  attack.  In  some  cases 
these  mental  symptoms  pass  away.  I  have  a  man  unfler  ray  observa- 
tion now,  perfectly  well,  who  twelve  years  ago  had  an  attack  with 
loss  of  const' iuusnf^ss  and  tlcnu'iitia,  with  lack  of  memory  lasting  a 
month,  and  inal)ility  to  transact  business  for  six  mouths,  but  with 
no  a|>ha.sia  or  ]jaralysis.  In  63  of  my  200  cases,  nuirked  mental 
8ym]>toms  w^re  present  and  were  permanent.  In  2  of  these  patients 
delusional  insanity  finally  deve!o]x?d.  In  40  a  [KTuhar  lack  of 
emotional  control  was  the  marked  sym|)tonL  One  man  was  in  a 
state  of  constant  uncontrollable  laughter,  would  laugh  aloud 
whenever  he  spoke  or  made  any  vtjluntary  movement  in  his  left 
side,  which  was  partly  hemii>legic.  In  two  men  frecjuent  crying  was 
complained  of,  and  occurreil  on  any  excitement,  even  when  the 
patients  were  amused.  Such  emotional  acts  may  be  as  uiu-oiitrol- 
lable  as  a  convulsive  spasm  would  be,  and  are  equally  without  in- 
tention. In  several  cases  such  emotional  attacks,  either  of  laughing 
or  crying,  were  conunon  on  any  excitement.  In  some  cases  after  the 
patients  recover  from  the  shock  of  the  attack  there  remains  for 
months  a  distress  on  mental  effort,  a  state  of  bewilderment,  in  which 
they  lose  the  thread  of  conversation,  cannot  read  or  WTite  for  any 
length  of  time  without  becoming  confused,  and  are  forget fuL  Some 
patients  lose  ali  recollection  of  their  surroundings,  and  hence  imagine 
that  they  are  away  from  home,  in  a  strange  place.  One  such  patient, 
an  active  intelligent  business  man,  has  Ijeen  reduced  to  a  jiitiable 
condition,  without  paralysis,  aphasia,  or  dementia,  yet  so  incapable 
that  in  re]>ly  to  almost  any  question  he  ansi^ers,  '*I  don^t  know,  I 
can't  remember,  I  am  of  no  ust\*'  These  patients  distrust  tiieir  own 
capacity,  become  vacillating  and  capricious,  are  sometimes  sus- 
picious, sometimes  easily  influenced  unihily  by  others.  In  several  of 
these  causes  a  iiermanent  lo.^s  of  control  of  the  bladder  and  rectum 
has  jjersisted  after  the  attack.* 

Seguin  and  Brissaud  have  noticed  that  a  loss  of  emotional  control 
occurs  more  frequently  in  lesions  of  the  right  frontal  lobe,  and  this  I 
can  confirm.  In  many  cases  ui  wliieh  the  mental  symptoms  are  the 
chief  permanent  sym})tums  there  has  been  a  slight  facial  paralysis  or 
a  slight  hemiplegia  or  aphasia  with  the  attack,  which  has  subsequently 
passed  off,  thus  showing  that  the  lesion  was  anterior  to  the  central 
or  motor  region.  These  patients  rarely  if  ever  have  hemiantesthesia 
or  hemianopsia. 

CirebHlar  ,^iprtp(oms^  consisting  of  violent  vertigo,  double  vision, 
and  a  staggering  gait  when  the  attack  is  over,  may  he  the  chief 
features  of  an  apoplectic  attack.     In  suclt  cases  consciousness  is 


*  For  further  cases  see  the  Mediciil  Record,  November  13,  1897,  * 
Forms  of  Apoplectic  Attack/* 
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rarely  lost,  hut  the  patic^nt  is  usually  extreiuely  prostrated,  feels 
weak  and  greatly  alanued,  luay  vomii,  and  break  into  a  eold  sweat, 
and  remain  incapable  of  moving  in  l>ed  or  of  sitting  up  for  some 
days.'  All  attempts  at  motion  an^  attended  by  an  increase  of  the 
vertigo  and  a  renewal  of  the  nausea  and  vomiting.  The  pul^  is 
weak,  ami  may  be  either  very  rapid  and  intermittent  or  slow.  In 
one  such  ease  I  have  seen  Clieyne-Sttjkes  res]>ii'atiijn.  In  my  collec- 
tion of  200  eases  there  were  4  that  ])resente(l  these  symptoms.  As 
patients  recover  the  staggering  gait  may  gradually  improve,  but  there 
remains  a  sense  of  uncertainty  and  a  tendency  to  fall  in  one  direc- 
tion. Thus  one  patient  always  felt  as  if  about  to  fall  to  the  right 
side.  She  subsequently  had  a  second  attack  with  hemiplegia,  and 
a  third  attack  which  left  her  demented. 

In  severe  crises  of  hemiplegia  with  hemianiesthesia  there  is  a  very 
marked  tendency  to  the  development  of  bed-mres  upon  the  buttock 
and  heel  of  the  paralyzeii  sitle.  The  surface  becomes  red  after 
slight  pressure  of  the  l)ndy  weigiit,  blebs  soon  appear,  and  an  ulcer- 
ated surface  forms  which  shows  a  tendency  to  slough  ami  break 
down  rapidly,  so  that  within  a  week  a  deep  sore  may  be  present, 
even  exposing  the  bone  and  causing  necrosis.  The  lesion  in  the 
brain  is  certainly  capable  of  inducing  vasomotor  symptoms  in  the 
paralyzed  side,  such  as  cyanosis  ami  its  attendant  malnutrition;  Imt 
it  is  my  conviction  that  the  development  of  a  l>etl-sore  is  always  due 
to  imperfect  care  and  lack  of  cleanliness,  and  that  if  the  patient  is 
turned  every  half-hour  and  the  skin  properly  battied  with  warm 
water  containing  an  antiseptic,  then  with  alum-water  or  alcohol, 
such  sores  may  be  prevented.  This  is  very  dithcult  wlien  the 
urine  and  feces  are  passed  unconsciously,  and  sometimes,  wdth  lack  of 
skilful  nursing,  bed-sores  will  appear.  They  are  tlangerous^  as  many 
patiiMits  who  would  otherwise  recover  die  of  the  se|>tic  infection 
thus  produced. 

A  patient  who  is  paralyzed  may  have  dijJicuKif  in  swalloiring,  and 
attempts  at  feeding  may  result  in  food  being  iidialed  into  the  lungs. 
Great  care  has  to  be  taken  to  prevent  this  in  |)atients  wlio  remain 
semiconscious  for  a  week  or  more  after  an  attack.  Tl»e  result  will  be 
to  ilevelop  a  pneumonia  of  septic  origin.  Charcot  believes  that  the 
vasomotor  paralysis  may  involve  the  lung,  and  in  proof  cites  the 
freijuency  with  which  pneumonia,  either  septic  or  spontaneous, 
develops  on  the  paralyzed  side  in  these  cases.  Such  a  pneumonia  is 
a  cominon  cause  of  death  after  an  apoplectic  attack,  and  nmst  lie 
regarded  as  of  serious  prognostic  import. 

Patients  who  are  unconscious  during  the  attack  have  retention  nf 
urine  and  inabiliiy  to  empttf  the  rectum.  As  a  rule,  tlie  bladder 
empties  itself  as  soon  as  it  fills  up,  without  their  knowledge  or  control. 
Sometimes  there  is  a  continual  dribbling  of  urine;  and  for  many 
days  after  consciousness  returns  this  s>Tnptoni  may  continue.  It  is 
sometimes  necessary  to  catheterize  such  ]mtients  regularly.  It  is 
always  well  to  have  a  bed  urinal  in  the  bed,  or  pads  of  absorbent 
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cotton  about  the  genitals,  which  can  be  changed  frequently.  The 
danger  of  a  septic  cystitis  is  never  to  be  forgotten,  as  it  is  the  cause  of 
death  in  a  certain  number  of  cases  of  apoplexy.  The  rectimi  may 
require  regular  washing  out,  or^  in  case  of  impaction,  a  digital  evacua- 
tion. 

Irregular  Tgj^s  of  Apoplexy,  Some  ^'ery  extraordinary  forms  of 
attack  are  occasionally  seen.  Thus  one  patient  had  a  suddeii  attack 
of  vomiting  and  vertigo,  and  immediately  developed  a  nionospasm  in 
the  arm  with  a  right  hemiplegia  without  aphasia.  TIutc  was  no 
loss  of  consciousness,  but  the  hemiplegia  began  with  a  convulsive 
motion  in  the  right  arm,  which  continued.  Gradually  the  hemi- 
plegia passed  off,  but  the  con\ailsive  movement  continued.  And 
for  three  months  the  ami  was  constantly  flung  about  with  violent 
flail-like  movements  which  could  not  l>e  stop])ed  by  the  will.  These 
W'Cre  more  violent  than  athetoid  motions,  and  were  still  continuhig 
at  the  hist  report. 

In  another  jiatient  I  saw  a  series  of  convulsive  attacks,  five  occur- 
ring in  the  course  of  seven  days,  each  limited  to  the  left  side  of  the 
face  and  arm.  each  lasting  a  quartc^r  of  an  hour,  antl  eacli  cau>ing  a 
temporary  i>aralysis  which  by  the  cnil  of  thrcf*  weeks  had  entirely 
passed  off.  The  onl}^  permanent  symptom  was  a  slight  degree  of 
mental  dulness  and  a]}athy  with  incapacity  for  business. 

In  another  j)atient  a  series  of  attacks  of  a  convulsive  nature 
limited  to  the  right  leg  occurred  chning  ten  days;  each  attack  was 
Yen'  violent,  so  that  tlie  entire  boily  was  shaken,  and  lasteil  for 
nearly  half  an  hour,  leaving  the  leg  paralyzed.  Then  the  attacks 
ceased,  the  condition  of  paralysis  gradually  subsirled  in  six  uionths 
and  she  has  had  no  return  during  the  past  seven  years. 

One  man  suffered  from  a  sudden  distress  in  his  heaib  folhnved  in 
an  hour  by  a  general  con\ailsion,  which  left  him  with  right  hemi- 
plegia and  aphasia.  Din-ing  the  following  three  montlis  the  con- 
dition of  paralysis  entirely  subsided  and  he  recovereii  his  si>eech,  but 
never  recovered  his  mathematical  factilty,  lie  caimot  do  the 
simplest  sum.  This  first  attack  occurred  ifi  1887.  Since  that  time 
until  the  present  (1TO3I  he  has  had»  every  six  or  twelve  months, 
sudden  attacks  consisting  of  confusion  of  mind,  complete  inal>ility 
to  speak,  though  he  understandxS  what  is  said,  a  twitching  which 
begins  in  liis  fingers  and  thumb,  and  gradually  involves  the  whole 
right  arm,  then  the  right  side  of  the  face,  and  then  the  right  leg, 
attended  by  a  tingling  of  the  entire  right  side.  This  convulsion  lasts 
several  hours,  then  ceases  slowly  and  leaves  a  paralysis  which  passes 
off  entirely  during  the  following  (wo  days.  I  knrjw  of  over  twenty 
such  attacks  haviiig  occurred  during  the  past  fift<:en  years.  In  the 
inten^al  he  appears  hearty  and  vigorous,  though  now  eighty  .years 
old,  and  he  walks  five  miles  a  day.  He  has  some  difficulty  in  talking, 
finds  words  slowly,  but  is  not  aphasic.  His  memory  is  |>oor.  He 
has  no  cardiac  disease,  l>ut  his  arteries  are  tortuous  and  hard.  I 
have  similar  histories  in  three  other. cases.     In  all  these  cases  the 
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pFobiil>lf  lesion  was  cortiral  hemorrluigr,  or  tlironibosis,  as  spasm  is 
eonsirlprefl  a  ?ign  of  cortical  irritation. 

General  convulsions  do  not  often  occur  in  an  apoplectic  attack  in 
adults  unless  the  clot  bursts  into  the  lateral  ventricle.  In  children, 
however,  they  are  very  common  at  the  onset,  and,  as  we  shall  see  in 
discussing  infantile  hemiplegia,  convulsions  come  either  with  or  after 
the  attack  in  the  majority  of  the  cases.  In  two  young  girls,  patients 
of  my  own,  where  the  hemiijlegia  occurred  during  an  attack  of 
whooping-cough,  general  convulsions  accompanieil  the  attack.  In 
adults  their  nceurretice  is  of  bad  import,  hut  in  ehilflren  this  is  not  so. 

Iti  one  patient  who  had  a  sudden  attack  of  left  liemiplegia  at  the 
age  of  sixty-eight  years,  a  violent  tremor  devel(>pt^d  in  the  left  hand 
soon  after  the  attack.  This  persisted  for  five  months  until  his 
death  The  hand  and  arm  soon  became  cyanotic  and  ocdematous, 
w^ere  covered  with  cold  sweat,  and  were  wholly  paralyzed.  He  be- 
came violently  insane  sor>n  after  his  attack,  had  welbmarked  halki- 
cuiations  and  delusions,  dkl  not  sleep  for  two  months,  and  finally 
died  of  exhaustion. 

In  several  patients  a  febrile  movement  has  persisted  after  the 
apoplectic  attack,  and  severe  headache  with  iiisomnia  of  an  obstinate 
kind,  not  much  relieved  l)y  anything  exeejitirig  larg<*  duses  of  mor- 
phine,  have  ai>}K*ared.  In  thest*  patients  the  heinijjlegia  lias  shown 
no  tendency  to  improve,  and  in  all  a  fatal  result  has  b»llowed  within 
two  mouths,  I  look  upon  this  combination  of  symptoms  with 
much  dread,  and  consider  that  in  all  such  cases  an  acute  inflam- 
mation nmst  be  set  up  in  the  brain  about  the  clot  or  softened  area* 

In  the  cases  where  the  clot  invades  the  ventricles  general  con- 
vulsions are  usual,  are  frequently  re[)ea{ed,  the  paralysis  affects  both 
sides  of  tlie  body,  sometimes  a  rigi<lity  of  the  limbs  follows,  the 
pupils  are  wi<lely  dilated,  the  temperature  falls,  the  pulse  is  slow^ 
and  respiration  is  labored  and  stertorous.  Such  an  attack  may 
follow  a  milder  attack  after  twenty-four  or  forty-eight  houi^s,  the 
original  clot  breaking  through  into  the  ventricle.  Hence  the  need  of 
keeping  (latients  quiet  after  even  a  sligiit  attack.  Tliese  jjatients 
usually  remain  comatose  and  die  within  twenty-four  hours,  of 
cyanosis  and  asphyxia.  Yet  in  one  hospital  ease  I  have  seen  a 
gradual  recovery  after  two  week.^  of  unconsciousness  attendetl  by 
all  thesi*  symptoms,  and  the  final  result  was  an  extreme  state  of 
hemiplegia  which  remaintHl  six  years  to  my  knowledge  wit  la  nit  recur- 
rence. But  oTie  patient  in  my  series  of  200  cases  showed  symptoms 
of  ventricular  hemorrhage,  and  died  in  the  attack. 

Bulbar  paralysis  of  the  apo|>lectic  type  is  illustrated  l>y  the  follow- 
ing case:  A  man  previously  healthy  but  alcoholic  was  suddenly 
attacked  at  the  age  of  fifty-three  years  with  weakness  of  tlie  entire 
left  side,  followed  in  a  few  mirmtes  by  paralysis  in  the  entire  right 
side  and  atteuiied  by  difficulty  in  sjK*ech  iuul  in  swallowing.  There 
was  no  hradache,  no  convulsion,  aiul  no  loss  of  consciousness.  His 
condition  had  b<*en  stationary. for  five  years,  when  I  saw  him.     Hia 
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eyes  were  nornial.  Tliere  was  jiu  weakness  of  his  faee.  luit  his  speech 
was  thick,  voice  loiul  aiul  Inisky^  and  nut  uodtT  control,  an< I  swallow- 
ing and  artienlation  were  very  imperfect.  His  tinigue  protruded, 
but  was  thin  and  haxl  a  marked  trerticjr.  He  wiis  very  emotional^ 
laughed  and  cried  without  eaust\  His  power  in  arms  and  legs  was 
good,  but  he  had  an  extrt^ine  degree  of  ataxia  in  all  rnotitms  i)f  hands 
and  legs,  a  very  ataxic  gait,  increas^nl  by  closing  his  eyes,  l>ut  his 
knee-jerks  were  normal  His  control  of  his  liladder  wiis  imi>erfect. 
He  had  no  pain,  no  vertigo,  no  deafness.  The  probable  lesion  was  a 
small  heniorrhage  in  the  raphe  of  the  medulla  affecting  both  inter- 
olivary  tracts,  and  his  ninth  and  twelfth  nerves.  Such  cases  have 
been  observa^il  and  the  lesion  found  by  Senator,  Meyer,  and  Spitzka. 

Aiia^^ks  of  Apopkclic  Xahtre  without  Loss  of  ConsdmiSfieM.  In 
the  majority  «>f  eases  of  apoplexy  a  loss  of  consciousness  does  not 
occur.  Under  tlu*s*^'  circumstances,  at  the  time  of  the  attack  the 
patient  feels  suddenly  a  sense  of  pressure  in  the  head,  or  a  dizziness, 
with  hea(hu*he,  or  finds  it  necessary  to  sit  <hnvn,  or  is  able  to  drag 
himself  slowl}'  to  a  chair,  or  falls  if  he  cannot  reach  a  seat.  He  then 
notices  a  numbness  in  one  limti  which  rxtnuls  to  the  entire  side  of 
tlu'  body,  and  is  attended  by  sotni*  weaknrss  in  the  arm  and  leg.  Or 
he  becomes  confused  in  his  mind  and  cannot  find  wortls,  ami  soon 
develops  a]>hasia.  Or  his  numbness  increases^  his  arm  becomes 
ataxic, and  lie  moves  his  leg  wil!i  ililhculty.  Or  he  suddenly  becomes 
conscious  of  a  blindness  in  i>ne  eye  which  on  examination  is  found  to 
be  a  heiniarKrpsia.  Or  he  feels  bewiklered  and  confused,  and  can  no 
longer  understand  what  is  said  to  hiiu.  Or  he  is  dizzy  and  staggers 
in  walking.  Anyone  or  any  combination  of  these  symptoms  may 
come  on  suddenly,  may  recede,  and  then  return,  to  leave  llie  patient 
finally  in  a  state  of  incapacity  of  some  kind.  As  a  rule,  wlien  the 
attack  is  slight  and  not  accompanied  tiy  unconsciousness  or  followed 
by  fever,  there  is  a  fairly  rapid  improvement;  and  after  two  weeks 
the  patient  is  able  to  sit  up  ami  Itegins  to  recover  his  lost  power. 
But  a  corujilete  recovery  does  not  often  follow,  and  some  trace  of 
the  original  symptoms  usually  remains.  Ajjhasia  is  not  wholly 
recovered  from,  some  hesitancy  of  speech  or  tendency  to  misplace 
words  remains,  some  local  symptoms  continue,  ami  a  trace  of  hemi- 
pk^gia  is  serMi  in  his  gait  for  the  rest  of  his  life.  If  the  symptotns  pass 
oil  entirely,  as  they  did  in  Ifi  of  my  200  cases,  the  patient  may 
remain  well  for  some  years,  but  the  probability  is  that  a  secontl  at- 
tack will  occur. 

Attacks  of  Gradual  Onset,  Thus  far  attacks  of  a  sudden  nature 
have  heim  considtTed.  I^irt  iti  a  rerlain  mnnber  of  cjLses  the  onset 
of  the  nervous  symiitoms  is  graduaL  Thus  in  s*^veral  of  my  patients 
four  or  five  days  have  elapsed  before  all  the  symj^toms  have  apfDeared, 
In  these  cases  the  mental  dulness  and  apprehension,  the  senst*  of 
something  occurring  in  the  head,  with  pain,  vertigo  and  weakness,  are 
present  throughout  the  period  of  onset.  In  some  cas**s  apliasia 
first  appears,  then   becomes  more  complete;  right  hemiplegia  is 
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atlded,  and  finally  hemiiinirsthesia.  In  other  cases  the  paralysis 
advances  slowly  from  face  to  arm,  and  then  to  leg,  or  in  the  reverse 
order,  and  if  right  sided,  aphasia  may  finally  develop.  In  some 
cases  hemiana^sthesia  preceiies  the  hemiplegia.  In  some  hemian- 
opsia first  occurs,  and  then  a  hemiana^sthei^ia  or  sensory  apha^sia, 
wliich  may  subsequently  subsirlc.  In  still  other  cases  the  mental 
symptoms  become  more  and  more  marked,  confusion  of  thought  is 
evident  in  speech  and  action,  and  a  dementia  finally  develoiJS,  often 
attended  by  emotional  excitement,  crying  or  laughing  without 
cause.  In  some  Ciises  monoplegia,  or  monospiisms,  or  a  loss  of  sensa- 
tion in  one  limb  f>nly.  is  the  final  result,  the  initial  symptoni  being 
more  extensive  tliiiii  the  final  ones.  It  is  in  these  cases  of  slow  onset 
that  the  various  types  of  aj>hasia  are  particularly  frequent,  and 
psychical  blindness  or  deafness  or  some  form  of  subcortical  apha^sia 
persists. 

The  recuirence  of  apojjlectic  attacks  is  a  danger  to  which  all 
patients  are  liable.  Twenty-two  patients  among  my  two  hundred 
cases  sufTered  from  more  than  one  attack,  one  died  in  his  fourth  and 
one  in  bis  fifth  attack.  I  have  known  one  fierson  to  survive  seven 
attacks,  and  many  to  sur\'ive  the  third  which,  according  to  popular 
superstition,  is  uniformly  fiitab  The  same  person  may  have  a  recur- 
rence of  the  same  symptoms  in  each  attack,  or  may  have  diflferent 
symptoms  each  time,  depending  wholly  upon  the  btooilvessel  which 
is  affected.  ()ne  man,  aged  sc\Tnty  years,  had  an  extraordinary 
series  of  attacks.  The  first  and  si^cond  were  attacks  of  right  hemi- 
plegia with  aphasia,  the  third  was  of  left  hemiijlegia.  These  occmTcd 
ou  successive  days  and  lasted  a  few  hours.  Five  days  later  he  had  a 
fourth  attack.  During  the  following  ten  days  he  had  three  more, 
one  right-sidetl,  two  left-sitled.  All  tliis  time  he  was  growing  more 
feeble,  but  after  each  attack  the  [landysis  pas.sf^d  off  in  a  few  hours. 
Six  days  after  the  sex^enth  attack  he  had  an  eighth  which  left  a 
permanent  left  hemiplegia  from  which  he  ilieil  four  days  later.  His 
arteries  were  rigid,  his  heart  was  weak,  liut  the  soimds  were  clear. 
The  diagnosis  made  w*as  multiple  thrombo.'^is,  and  he  was  treated  by 
nitroglycerin  and  strychnine,  the  administration  of  which  in  each 
attack  seemexl  to  1m*  f(^l lower!  by  a  recovery  from  the  paralysis.  The 
autopsy  showed  nui!ti])le  areas  of  softening  due  to  throml>osis.  In 
several  cases  multiple  lesions  were  found  at  autojisy. 

There  is  no  rule  to  determine  the  interval  between  attacks.  A 
few  months,  a  year,  or  even  ten  years  may  elapse  befon^  the  recur- 
rence. The  average  in  twenty-two  cases  showed  that  the  chance  is 
in  favor  of  a  second  attack  within  two  years  of  the  first  one.  But 
one  of  my  patients  did  not  have  his  second  attack  until  fifteen  years 
after  the  first  one. 

The  Temiinal  Condition.  The  course  of  the  disease  after  an  attack 
of  apoplexy  is  usually  one  of  slow  improvement  and  a  greater  or  less 
degree  of  recovery.  The  terminal  condition  may  be  much  more 
favorable  than  the  original  symptoms  would  lead  one  to  suppose. 
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Many  patients  remain  in  a  condition  of  partial  mental  enfeeble- 
ment  with  less  eontrol  of  the  emotions  than  before  the  attaek,  and 
some  defects  of  memory,  esjjeeially  of  events  occurring  about  the 
time  of  and  snl)sc»c|iient  to  the  attaek. 

Many  patients  suffer  from  a  partial  hemiplegia.  The  face  recovers 
almost  entirely,  a  slight  Hatness  on  one  side,  and  a  little  deviation  of 
the  tongue  (jnly  remaining.  Often  the  facial  exi»ressi(>n  of  amuse- 
ment or  of  grief  is  j perfectly  shown  when  volunlary  movement  is  at 
fault.  Sometimes,  as  in  one  of  my  cases,  the  volujUary  power 
returns  in  the  face.  Imt  the  paralysis  is  evident  when  emotion  is 
shown.  This  jmtient  had  hemiplegia  with  hemiaiKesthesia.  The 
arm  is  usually  )>ermanently  paralyzed  to  a  greater  degree  than  tlie 
leg,  and  is  more  connnonly  subject  to  contractures.  The  Hexor 
nmscles  are  usually  contracted  antl  holil  the  ellKiw  flexed^  the  wrist 
flexed  and  pronated  ami  the  fingers  elo.sed,  and  the  extensors  and 
supinators  being  weak  cannot  overcf^me  them.  In  one  patient  the 
arm,  forearm,  an*!  fingers  were  rigidly  extended,  the  fixed  position 
being  similar  to  that  assumed  in  reaching  out  for  an  object  a  foot 
away  from  the  hip.  The  conset[tience  is  a  marked  deformity  of  the 
hand  in  severe  eases  and  an  awkward  movement  in  light  cases.  A 
rigidity  of  the  muscles  develops  within  two  months  of  the  onset,  or 
sooner,  so  tliat  even  |)assive  motion  is  difficult.  This  may  some- 
times be  overcome  for  the  time  being  by  massxige,  by  rapid  motions 
of  flexion  and  extension  of  a  limb  by  hot  applications,  or  by  an 
Esmarcli  bandage.  As  a  rule,  the  rigidity  is  absent  when  the  patient 
is  aslpe|>,  and  only  returns  after  waking  when  he  l>egins  to  move  the 
limb  voluntarily.  The  limb  may  be  so  stiff  as  to  be  painful,  and 
pain  on  nnttion  of  the  joints  is  a  frequent  com|>laint  in  herniplegic 
patients.  The  arm  is  usually  held  ch>se  to  the  side,  and  complete 
abduction  or  circumduction  at  tlie  shoulder  is  rarely  possible.  The 
leg  is  also  rigid,  is  moved  as  a  whole,  and  is  held  straight.  The 
flexors  of  the  knee  ami  the  extensors  of  the  foot  are  |iaralyzed  to  a 
greater  degree  than  other  muscles,  and  their  opponents  are  held 
rigid.  Hence  the  knee  is  not  bent  in  walking,  and  the  foot  often 
assumes  an  ecfuino-varus  position.  In  very  severe  old  cases  in 
which  the  patient  is  confined  to  bed,  an  extreme  flexion  of  hip  and 
knee  with  adduction  of  the  tiiigh  may  develop.  The  rigid  nmscles 
may  be  hypers<nisitive  to  percussion  or  may  he  too  rigid  to  contract 
w^ien  tap|>e<h 

The  tendon  reflexes  are  uniformly  exaggerated  on  the  |)aralyzed 
side,  and  not  infrefiuently  on  the  healthy  sitle  as  well  to  a  less  degree. 
Ankle  clonus  is  easily  obtained,  and  in  extreme  cases  of  hemiplf^gia  I 
have  obtained  a  clonus  by  depressing  the  patella,  by  depressing  the 
toes,  by  extending  the  wrist  or  fingers  or  thumli.  In  ea^s  which 
recover  entirely  from  paralysis  this  increase  of  tendon  reflex  may 
remain.     Babinski's  reflex  is  always  prest^nt. 

In  some  cases  subsequent  to  a  hemiplegia  a  slow  spontaneous  but 
involuntarj^  movement  l>egins  in  the  upper  extremity,  producing 
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cortical  irritation.  When  such  symptoms  are  due  to  lesions  in  the 
optic  thalamus  it  is  probable  that  the  lesion  cau.ses  an  irritation  of 
sensory  fibres  which  is  conducted  to  the  cortex,  and  there  gives  riae 
to  motor  impulses.  Thus  in  several  children  suffering  from  atheta^i^ 
no  cortical  lesion  has  been  found  at  operation.  The  most  pro- 
nounced case  in  an  atiult  that  I  have  seen  developed  after  an  ojxt- 
ation  for  the  removal  of  a  brain  tumor  from  the  posterior  central 
convolution,  and  continued  for  a  year  after  the  operation,  subsiding 
slowly  as  voluntary  power  was  regainetl.  I  ascribed  it  to  pressure 
from  a  clot  which  was  giintually  absorbed.  Hemiathetosis  is,  there- 
fore, an  occasional  sequel  of  an  apoplectic  attack.  Heinitremor  is 
also  occasionally  developed^  a  tremor  which  may  be  constant  even 
during  rest,  or  w^hich  may  only  occur  on  voluntan"  motion.  It 
occurreil  in  but  one  of  my  causes- 

The  hick  of  voluntary  exercise  usually  leads  to  a  slight  atrophy  of 
the  paralyzed  muscles.  An  extreme  and  rapidly  advancing  con- 
dition of  atrophy  w^tthout  any  change  in  electrical  reaction  has  been 
occasionally  obs+^ved,  and  cannot  be  explained. 

The  joints  occasionally  become  painful,  probably  from  disuse,  and 
reciuire  massage  and  passive  motion.  A  true  synovitis  with  hemor- 
rhage into  the  joint  sometimes  develops,  as  Charcot  pointed  out,  but 
this  is  exceedinpjly  rare.  I  have  never  seen  a  case,  and  question  any 
causal  relation  between  the  apoplexy  and  its  occurrence. 

A  condition  of  hemiana?sthesia,  hemiataxia,  and  hemianopsia 
occasionally  remains.  The  first  brings  witli  it  a  disagreeable  sense  of 
tingling  or  numbness,  antl  leads  to  awkward  movements  even  when 
ataxia  is  absent.  The  second  leads  to  marked  inco-ordination,  of 
finer  motions,  and  patients  drop  objects  from  their  hands  when  not 
looking  at  them.  Hemianopsia  is  rarely  recovered  from,  Imt  patients 
become  accustomed  to  having  but  one-half  of  the  field  of  vision 
clear,  and  guard  against  accidents  from  objects  approaching  the 
blind  side.  Deafness  from  brain  lesion  is  so  rare  as  to  be  a  curiosity. 
Mills  has  reported  a  citse  with  bilateral  destruction  of  the  temporal 
lobes.  These  defects  of  sensation  are  much  more  likely  to  remain 
stationary  than  is  the  condition  of  paralysis.  Any  one  of  the  many 
forms  of  ai>hasia  already  described  may  persist  after  a  vascular 
lesion.  In  fact  it  is  largely  from  the  study  of  small  local  areas  of 
softening  in  the  brain  due  to  embolism  or  thrombosis  that  our 
knowledge  of  the  possible  forms  of  aphasia  and  apraxia  is  due.  It  is 
not  necessary  to  recount  these*  symptoms  here.  The  peculiar  combi- 
nations of  cranial  nerve  symptoms  with  hemiplegia  characteristic  of 
pons  and  medulla  lesions  neerl  not  be  described,  as  they  have  been 
considered  in  the  chapter  on  diagnosis  of  local  lesions. 

Diagnosis*  An  apoplectic  attack  may  l)e  distinguished  from  an 
attack  of  syncope  by  the  pallor,  stoppage  of  heart,  and  weak  respira- 
tion, dilatation  of  the  pupils,  preservation  of  knee-jerks,  rapid 
recovery,  and  absence  of  coma,  or  subsequent  local  symptoms  of  a 
brain  legion  in  syncope. 
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An  ei>ileptie  attack,  with  cry,  biting  of  the  tODgiie  and  general 
convulsion  is  follower]  by  a  state  of  eonia  which  may  be  niit>taken  for 
apoplexy  when  no  history^  of  the  onset  can  be  obtained.  But  an 
epileptic's  tongue  is  sciirred,  and  there  are  usually  scars  upon  his 
head  or  extremities  as  evidence  of  prior  attacks.  Epilepsy  is  a 
disease  of  youth,  and  the  epile]>tic  rarely  shows  signs  of  the  vascular 
conditions  which  lead  to  ajioplexy.  The  coma  is  not  very  deep,  the 
patient  wlien  an>ys<^Hl  shows  no  paralysis,  the  pupils  are  eiiually 
dilated,  there  are  often  lieniorrhages  in  the  conjunctiva  an<!  capil- 
lary hemorrhages  on  the  face.  And  within  an  hour  or  two  returning 
consciousness  enal>les  a  history  of  prior  attacks  and  the  absence  of 
any  paralysis  to  be  established. 

The  coma  of  alcoholic  intoxication  is  nnt  iisdee[»  as  \\v<\{  of  apo- 
plexy, and  the  tlrunken  man  can  usually  be  arouse<!,  and  gives  evi- 
dence of  his  oomlition  by  his  breath,  his  dirty  a|>|>earance,  his 
maudhn  resistance,  his  fleliriom  anrl  restlessness,  and  his  lack  of 
paralysis.  The  corneal  and  pupil  and  tendon  reflexes  are  preserved. 
It  shoulfl  not  be  forgotten,  however,  that  some  ciises  of  apoplexy 
occur  in  a  state  of  intoxication,  or  from  traumatism  in  this  state,  and 
symptoms  of  com|>ression  of  the  brain,  unilateral  paralysis^  or 
iner[uality  of  the  pupils,  should  lea<!  to  careful  watching  in  any  case 
of  doubt.  The  signs  of  alcoh*jlic  intoxication  will  jmss  off  in  a  few 
hours,  a  brisk  purgative  or  a  large  salt  enema  hastening  recovery. 

The  cnnia  of  opium  poisoning  is  atteiidetl  by  xery  slow  resj)iration, 
small,  ra|>id  pulse,  cool  skin  of  blue  color,  and  extreme  contraction  of 
the  pupils;  it  is  never  as  deep  as  the  coma  of  apoplexy,  and  never 
attended  hy  unilateral  symptoms  or  loss  of  the  corneal  or  tendon 
reflexes. 

A  ura'mic  condition  learling  to  convulsions  and  coma  may  be 
mistaken  for  a^ioplexy  if  a  full  history  of  the  precetling  symptorns  of 
nephritis  is  not  ol>tainable.  But  the  symptoms  of  u'derua  o\  the 
tibia'  and  face,  the  urinary  mXov  of  the  breath,  the  small  atufaint  of 
bloody  urine  of  high  specific  gravity  and  loaded  with  albumin  and 
containing  casts  will  point  to  the  correct  diagnosis  in  cases  of  acute 
Bright's  disease,  Tra^mic  coma  is  the  culmination  of  an  attack 
which  begins  with  vomiting,  headache,  and  convulsions.  In  cases 
of  chronic  cirrhotic  kidneys  apoplexy  is  a  conujion  occurrence,  and 
hence  in  such  cases  the  finding  of  easts  and  albumin  in  small  amount, 
with  urine  of  a  low  specific  gravity,  does  not  aiii  in  the  diagnosis. 
Ami  here  it  is  unly  by  the  absence  of  the  active  local  sym})toms  of 
apo|jlexy,  esjiecially  the  lack  of  unilateral  jjaralysis  or  difference  in 
reflex  actions  on  the  two  sides,  that  a  diagnosis  is  to  be  reached.  It 
is  often  w^ise  to  w*af ch  a  case  for  tw^mty-four  hours  before  arriving  at 
a  conclusion. 

The  same  may  be  said  of  dial>etic  coimi,  though  here  the  exami- 
nation of  the  urine  is  of  far  greater  value,  as  \\w  glycosuria  which 
follows  a  cerebral  hemorrhage  is  rarely  as  extreme  as  that  found  in 
dial>etes.     The  odor  of  acetone  is  unmistakable,  and  is  not  present  in 
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apoplexy  unless  this?  is  assnciatotl  with  diabetes.  In  eases  of  doubt 
reliance  must  be  placed  upon  the  previous  history,  as  ditd:)etic  coma 
is  not  of  sudden  onset,  is  usually  preceded  by  heailache,  anxiety, 
distress,  and  sensations  of  suffoeation,  followed  by  sonmolence.  But 
it  is  to  be  mmembered  that  diabetic  jjatients  sometimes  liave  apo- 
plectic attacks. 

An  ajK)pleetic  attack  may  be  the  first  symptom  of  general  paresis, 
or  may  occur  at  any  time  in  the  course  of  the  disease.  The  symptom 
will  then  be  due  to  a  hemorrhage  in  the  meninges,  usually  a  dural 
hematoma,  anti  will  hv  identical  with  those  of  a  cortical  cerebral 
hemorrhage  at  the  time  of  the  attack.  The  history  of  mental 
symptoms  of  a  grandiose  kind,  of  mental  failure,  and  loss  of  memory; 
of  attacks  of  emotional  excitement;  of  disturbances  of  speech;  of 
unusual  physical  efforts  in  a  person  really  weak;  of  exaggerated 
knee-jerks,  and  other  signs  of  |>aresis,  will  lead  to  the  diagnosis. 
And  the  result  will  be  a  nuich  more  rapid  and  complete  recovery 
from  the  hemiplegia  or  aphasia  |>rofluced  by  the  attack  than  is  ever 
seen  in  a  hemorrhage  which  destroys  the  brain. 

The  differentiation  between  cerel>ral  hemorrhage,  thrombosis,  and 
embohsm  is  always  difficult  aufl  often  impossible;  but  when  the 
characteristic  symptoms  of  any  one  of  these  affections  are  present  a 
probable  diagnosis  can  be  reachetL 

In  hemorrhage,  if  the  [wrsou  is  young,  there  is  a  history  of  whoop* 
ing-cough,  of  convulsions,  or  of  purpura:  if  old  (anrl  the  majority  of 
cases  occur  after  the  age  of  forty),  the  individual  is  ruddy,  muscular, 
or  corpulent,  has  a  history  of  nepliritis  or  of  endarteritis,  has  no 
history  of  syphilis,  has  no  cardiac*  murmur,  but  has  a  strong  and 
possibly  hyi>ertroi)hied  heart.  There  is  ysualiy  a  history  of  mental 
excitement  or  physical  exertion  preceding  the  attack,  l>ut  rarely  any 
history  of  premonitory  vertigo  or  mental  confusion.  Tliere  is  a 
history  of  very  sudden  loss  of  consciousness,  with  flushing  or  cyanosis 
of  the  face,  a  marked  jiulsation  of  the  liloodvessels,  the  pulse  lieing 
full,  slow;  and  irregular,  a  slow  stertorous  respiration,  and  deep  coma 
from  which  these  patients  cannot  be  aroused.  There  is  often  a  differ- 
ence in  the  size  of  the  pupils,  and  tliey  fail  to  react  to  light,  and  the 
eyes  are  turned  to  one  side.  During  the  first  day  there  is  a  fall  of 
temperature  to  97.5°  F.,  followed  by  a  slow  rise  to  102'^  F.  A  rigidity 
of  the  paralyzed  liTuijs  oecasionally  api>ears,  but  unilateral  twitching 
or  convulsions  are  rare.  The  i)aralyzed  side  at  first  feels  cooler,  but 
when  the  temperature  of  the  bofty  begins  to  rise  it  is  often  founii  to 
be  a  degree  higher  than  the  other  side.  The  paralyzed  extremities 
are  sometimes  slightly  rrdematous,  often  cyanotic,  and  sweat  freely. 
The  urine  often  contains  albumin  and  sugar  after  a  hemorrhage. 
When  the  patient  recovers  consciousness  after  twenty-four  hours,  or 
not  until  after  two  or  three  days,  he  is  much  dazed,  comes  to  himself 
very  slowly,  coin|)lains  of  pain  in  the  head,  is  restless,  and  tries  Xo 
move:  is  sieeplpss,  but  is  very  ilull  mentally  and  incapal>le  of  showing 
an  appreciation  of  his  condition  for  at  least  a  week.     Hemiplegia  is 
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almost  always  present:  often  associated  with  hemiana^sthesia,  and 
sometimes  with  hemianopsia,  though  the  two  latter  sym|}toms  may 
subside  within  the  first  ten  days.  Aphakia  is  ahnost  always  present 
if  the  right  side  of  the  body  is  paralj^zed,  but  is  rarely  one  of  the  pure 
special  types,  sueh  as  word-deafness,  or  word-blindness,  or  a  pure 
motor  ai>hasia.  Bed-sores  occur  more  frequently  in  eases  of  hemor- 
rhage than  in  thrombosis  or  embolism,  and  so  does  pneunjouia* 
During  the  month  following  a  hemorrhage  there  is  a  gradual  but 
steady  improvement  in  both  mental  capacity  antl  in  the  local  sjmip- 
toms.  Some  permanent  defect,  however,  is  always  left  with  signs  of 
secondary  degeneration  in  the  motor  tract  in  the  majority  of  cases. 
Retinal  hemorrhages  occasionally  may  be  seen  with  the  ophthal- 
moseope. 

In  ttirombofiis  the  patient  if  young  has  a  history  or  physical  signs  of 
syphilis,  aiul  if  old  is  the  subject  of  endarteritis,  his  temporal  arteries 
being  tortuous,  his  radial  arteries  hard,  his  pulse  irregular,  and  his 
Sf^conil  heart  sound  accentuated.  There  may  be  a  history  of  some 
acute  illness^  especially  of  an  infectious  type,  just  prior  to  the  attack. 
There  is  a  history  of  some  premonitory  symptoms  extending  back 
several  months,  such  a.s  headache,  vertigo,  or  insomnia,  even  if  there 
have  been  no  slight  attacks  of  numbness  or  of  paralysis.  It  is  par- 
ticularly in  these  crises  that  the  prodroiiiata  which  have  been  de- 
scribed occur.  There  is  no  nephritis,  and  the  urine  is  normal.  There 
may  lie  a  history  of  some  shock  or  fright,  of  some  general  sense  of 
faintness  or  weakness  just  prior  to  the  attack.  There  is  iLsually  a 
slow  onset  of  the  attack,  giving  a  few  moments  of  alarm  and  con- 
scious illness;  in  fact,  the  patient  may  feel  his  paralysis  coming  on 
before  consciousness  is  lost.  In  the  majority  of  the  cases  there  is  no 
loss  of  consciousness.  Tlie  fjice  is  i>alp,  the  pulse  normal,  not  full 
or  slow,  the  respiration  is  regular,  and  there  is  no  fall  of  temperature. 
The  pufiils  are  equal  and  react  to  light.  The  coma  is  not  very  deep 
when  it  occurs,  and  irritation  of  the  body  prorluces  automatic  move- 
ments which  show  one  side  to  be  paralyzed.  Twitching  of  the  limbs 
is  common,  convulsions  rare.  The  coma  does  not  last  more  than 
twelve  to  twenty-four  hours,  and  when  consciousness  returns  the 
nnnd  is  clear,  at  first,  though  excitement  and  even  delirium  often 
follow.  There  are  no  signs  of  increased  intracranial  pressure.  The 
local  symijtoms  are  less  extensive  than  in  liemorrhage,  and  rather 
more  so  than  in  embolism.  They  show  considerable  variation  in  the 
first  week.  Thus  a  hemiplegia  may  pass  into  a  monoplegia,  a  hemi- 
an^esthesia  may  wholly  disappear,  anil  a  general  aphasia  subside  int^ 
some  special  ty|je,  as  word-deafness  or  word-bIin*Jness.  In  other 
words,  the  compensatory  collateral  circulation  in  the  brain  being 
established  and  the  initial  ixdcma  subsiding,  the  functions  at  first 
suspended  may  be  n\sumed.  But  the  area  of  tlie  brain  permanently 
softened  does  not  get  back  its  jjower,  and  hence  permanent  local- 
izable  ^^ymptoms  of  small  extent  remain,  and  these  show  little 
tendency  to  improve.     Menial  symptoms  of  the  nature  of  impair- 
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ment  of  memory,  loss  of  emotional  control  and  excitement  as  perma- 
nent symptoms  are  more  conmioii  in  thrombosis  than  in  hemorrhage 
or  enibf^lism,  ami  both  precede  and  follow  the  attack.  .\nd  there  is 
a  marked  tendency  to  recurrence  of  attacks,  usually  without  loss  of 
eonscioiisness,  with  a  renewal  of  symptoms  which  have  in  part  sub- 
sided, or  with  new  symptoms  of  a  local  kind.  The  ophthalmoscope 
may  sIkw  arterial  sclerosis  in  the  retina. 

In  embolism  the  patient  is  usually  young  and  has  an  audible  heart 
niunmir  m  a  liistory  of  piileliitis,  eiMloearditis^  rheumatism^  or  infec- 
tious disease;  is  not  the  subject  of  nephritis,  and  has  no  signs  of 
endarteritis.  He  has  no  special  apoplectic  appearance,  and  is  pale 
rather  than  ruddy  during  the  attack.  The  attack  occurs  without  pre- 
monition, and  not  after  effort  or  motion.  It  is  not  always  attended 
by  a  loss  of  consciousness.  When  conm  occurs,  and  as  a  rule  it  does 
not,  it  is  not  very  deep,  and  irritation  of  the  body  usually  causes 
some  automatic  motions,  even  if  there  is  no  semiconscious  response. 
The  pulse  is  not  full  and  not  slow,  but  is  such  as  would  be  present  in 
the  cardiac  state  found.  The  respiration  is  rarely  stertorous,  and  the 
temperature  does  not  fall.  The  pupils  are  not  unequal  in  size  and 
usually  react  to  light.  Unilateral  spa^^ms,  or  twitching  of  the  par- 
alyzed limbs,  or  convulsions  beginning  in  one  limb  and  extending 
to  others,  firudly  becoming  general,  are  not  infrequent,  and  during  the 
attack  and  after  consciousness  is  regained  these  may  recur.  There 
is  no  difference  in  the  temperature  of  the  two  sides,  and  no  a3ema 
or  cyanosis.  When  the  patient  recovers  consciousness  he  does  so 
rapidly,  does  not  complain  of  symptoms  of  pressure  in  the  brain,  but 
often  passes  into  a  state  of  delirium  which  may  last  some  days.  Ex- 
tensive local  symptoms  are  much  leas  common  than  limited  ones. 
Thus  some  special  type  of  aphasia  easily  distinguisheil  from  other 
types,  monoplegia  rather  than  hemiplegia,  or  hemianopsia  alone  are 
tlie  symptoms  found  after  the  third  tlay.  There  is  often  a  very 
surprising  improvement  in  all  the  local  symptoms  on  the  second  day, 
with  a  return  of  them  on  the  third  or  fourth  day,  followed  then  by  a 
very  slow  improvement.  Sometimes  the  local  symptoms  are  perma- 
nent. In  other  cases  they  may  entirely  pass  away,  and  no  trace  of 
the  attack  may  remain. 

The  ophthalmoscope  may  show  embolism  of  the  central  art^rj^ 
of  the  retina. 

When  in  any  case  the  symptoms  mentioned  are  present  there  is 
little  doubt  as  to  the  diagnosis.  But  in  many  cases  there  is  an 
absence  of  many  of  the  distinguishing  symptoms,  and  a  differentia- 
tion is  impossible.  This  fact  is  substantiated  also  by  autopsy 
records.  Thus  in  twenty  cases  of  supposetl  embolism  where  cardiac 
disease  was  present  and  the  attack  was  fairly  typical,  nine  w^ere 
found  after  death  to  have  been  cases  of  hemorrhage  (Kleber*).     It 
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has  been  my  experience  tliat  in  few  eonditions  are  error!?  of  diagnosis 
more  common  than  in  apoplexy. 

Prognosis.  The  prognosis  in  an  a]>opleetic  attack  dej)€ods  some- 
wlxat  upon  the  cause  of  the  apoplexy;  Cerebral  hemorrhage  is 
much  more  hkely  to  be  fatal  than  thrombosis  or  einbolisiiL  It  also 
depends  upon  the  underlying  cause  of  the  attack  and  the  prognosis 
of  that  affection.  The  first  attack  is  less  likely  to  be  fatal  than 
subsequent  attacks.  The  older  the  patient  the  less  likelihood  of  liis 
recovery.  Very  deep  coma,  its  duration  for  more  than  a  day,  a 
rapid  fall  of  temiierature,  or  a  rapid  rise  of  temperature,  the  develop- 
ment of  Cheyne-Stokes  respiration,  heavy  stertor,  I  he  deviation  of 
head  and  eyes  to  one  side,  are  all  im[>ortant  and  very  unfavorable 
symptoms.  If  convulsions  occur  with  signs  of  increasctl  intra- 
cranial pressure  a  veiitricuhir  hemorrhage  ha*s  prol>ably  occurred 
and  death  is  sure.  Retinal  hemorrhages  are  of  bad  imjxjrt,  as  they 
show  a  high  degree  of  pressure  in  the  skull,  and  hence  a  large  clot. 
Bilateral  paralysis,  especially  if  attended  by  cranial  nerve  palsies, 
shows  a  lesion  of  the  pons  or  medulla  which  is  almost  surely  fatal. 
It  is  not  to  be  forgotten  that  a  slight  attack  may  be  followed  imme- 
diately by  another,  more  severe,  and  this  by  a  fatal  attack.  If  the 
patient  recovers  consciousness  after  the  attack  the  development  of 
delirium,  of  high  temperature,  of  insomnia,  of  gi*eat  restlessness,  of 
pain  in  tlie  paralyzed  limbs,  a  tendency  to  bed-sores,  and  the  failure 
to  control  the  sphincters  make  a  fatal  termination  within  two  weeks 
probable.  If  few  or  none  of  these  symptoms  occur,  and  the  temper- 
ature becomes  normal  within  a  week,  and  some  slight  improvement 
in  the  local  symptoms  is  manifest,  life  will  probably  L>e  spareth 

The  greatest  caution  must  be  exercised  in  giving  a  prognosis  on 
the  degree  of  recovery  from  the  local  symptoms. 

Apliasia  which  is  gera^ral  at  the  outset  always  passes  away  in  part, 
and  has,  in  my  exf)erience,  more  chance  of  improvement  than  any 
other  local  .symptom.  A  pure  ty|>e  of  aphasia,  motor  or  sensory  at 
the  outset,  is  usually  permanent,  though  careful  education  enables  a 
patient  in  the  course  of  time  to  regain  his  sj^^eech  at  least  to  some 
ilegree.  Aphasia  alone  without  hemiplegia  may  be  entirely  re- 
covered from,  or  may  remain  f>ermanent  and  incurable.  In  56  eases 
of  attacks  of  apha.'^ia  14  recovered  the  use  of  s^R^ech  completely. 

Hemiplegia,  even  if  total,  may  not  remain.  It  usually  passes  off 
ill  part,  and  it  is  safe  to  |>reflict  that  the  patient  will  walk  again,  even 
in  severe  cases.  In  one  case  under  my  care  the  fiatient  walked  well 
at  the  end  of  a  year,  though  he  had  made  no  voluntary  nuivement 
w^hatever  in  arm  or  leg  at  the  end  of  three  months.  In  another  case 
a  year  elapsed  liefore  tlie  patient  could  stand  alone»  yet  two  years 
later  he  walked  without  a  cane.  The  arm  and  hand  are  always 
more  completely  and  |H*rmanently  paralyzed  than  the  leg,  and  many 
patients  who  can  walk  well  never  regain  power  of  writing  or  of  feed- 
ing themi^elve^i.  Yet  I  have  seen  complete  return  of  all  but  the  very 
finest  of  motions,  such  as  the  power  to  pick  up  a  pin  or  to  button  the 
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clothing.  The  increase  of  reflex  in  the  knee  and  ankle  i.s  not  an  un- 
favorable sign.  But  if  contracture  of  the  limbs  develops  after  the 
first  nionth  a  complete  recovery  never  takes  place.  In  tlie  series  of 
200  casc»s  here  collected,  of  177  patients  with  hemiplegia  22  recovered 
eoniiiletely,  and  m  every  patient  who  lived  beyontl  tlie  isecond 
nionth  a  very  marked  improvement  occurred.  The  sooner  the  return 
of  any  nmtinn  the  more  complete  will  l>e  the  eventual  recovery. 
TJie  paralysis  conmionly  pass<»s  away  from  the  face  entirely,  so  that 
only  on  very  careful  testing  is  a  difference  in  the  two  sides  to  be  seen. 
This  is  |>robably  because  even  in  bad  cases  the  instinctive  movements 
of  facial  expression  are  not  affected,  excepting  when  the  opHc  thal- 
amus is  destroyed^  and  the  control  of  the  face  is  bilateral  in  many 
persons.  The  tongue  usually  recovers  with  the  face.  It  is  evident, 
therefore^  that  a  promise  of  nmch  iinprtivement  in  the  power  of  mo- 
tion may  almost  always  l>e  given,  rV)st-hemiplegic  athetosis  and 
tremor  rarely  if  ever  subside  or  ini[>rove. 

The  prognosis  in  regard  to  sc^nsory  disturbances  Is  less  favorable 
than  in  regard  to  paralysis.  The  initial  hemiana^stliesia  usually 
subsides.  But  when  it  persists  more  than  a  month  it  never  wholly 
leaves  the  patient,  anil  it  is  usually  attended  by  a  feeling  of  tingling 
and  numbness  which  gives  rise  to  much  discomfort.  This  numbness 
also  makes  a  patient  awkward  in  his  movements,  even  when  it  is  not 
associated  with  paralysis. 

Heniian(4)sia  when  due  to  shock  or  to  pressure  on  the  visual 
tract  usually  }nisses  off  within  ten  thiys  or  two  weeks.  If  it  iKTsists 
beyond  that  time  it  is  due  to  a  lesion  of  the  tract  or  cortex,  and  is 
incurable,  I  have  ntn'er  seen  the  symptom  of  hemianopsia  pass 
away  when  it  had  persisted  one  month.  The  limits  of  the  visual 
field  may  extend  a  little  and  tlic  [latient  nuiy  learn  in  time  to  dis- 
regard and  even  to  forget  his  blindness,  but  a  perimetric  examina- 
tion usually  sliows  that  it  is  stationary. 

The  irregular  motor  and  sensory  and  cranial  nerve  sjTuptoms  due 
to  lesions  of  the  crura,  pons,  and  medulla,  wlien  they  are  not  followed 
soon  by  a  fatal  ending  are  usually  permanent  and  have  a  bad  pmg- 
no.sis.  They  are  due  to  a  rupture  of  small  tracts  which  never  unite, 
and  are  followed  by  secondary  degenerations  which  are  |5ermanent. 

The  cerebellar  symptoms  often  pass  away,  but  a  tendency  to 
vertigo  may  ] persist. 

The  mental  symptoms  attendant  upon  an  a|}oplcxy  are  never 
absolutely  recovered  from,  and  after  each  attack  they  are  more 
marked  and  permanent.  When  they  are  due  to  the  underlying 
endarteritis  it  is  to  be  exjiected  that  they  will  be  even  worse  after 
than  Ijcfore  the  attack.  The  actual  ok-^curation  of  ideas  following 
the  attack,  the  inability  to  comprehend,  to  think,  to  judge,  and  to 
act  slowly  subside.  Tlje  flow  of  iileas  becomes  clearer,  and  if  there 
is  no  aphasia  it  may  be  possible  for  a  man  to  make  a  will  within  two 
weeks  of  the  attack.  But  subscijuently  to  an  attack  the  mini!  may 
be  permanently  enfeebled,  and  wlien  an  emotional  state  develops, 
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and  the  memory  is  easily  eonfusedj  and  the  effort  of  eontinuous 
talking  or  reading  causes  distress  for  two  months  after  an  attack,  it 
is  a  question  whether  it  will  ever  be  possible  for  the  irian  to  resume 
his  occupation.  Yet  it  is  often  amazing  to  see  how  accurately  a 
biusiness  man  can  judge  of  his  affairs,  and  howclearh%  even  though 
aphasic,  he  can  indicate  his  desires  in  regard  to  important  matters 
while  severely  paralyzed.  In  the  series  of  200  eases,  mental  symp- 
toms were  permanent  in  63.  But  in  several  cases  where  more  than 
two  slight  attacks  occurred  it  was  these  symptoms  which  remained 
and  which  rendered  the  patient  incompetent  after  the  aphasia  and 
hemiplegia  had  errtirely  subsided. 

A  very  rapid  improvement  in  all  the  local  symptoms  after  an 
apoplectic  attack  should  not  invariably  be  regarded  with  favor,  as 
this  is  the  history  in  attacks  occurring  in  eases  of  general  paresis. 
Such  a  recovery  should  awaken  a  suspicion  of  this  affection,  which, 
if  found,  will  greatly  change  the  prognosis. 

It  is  always  to  be  remembered  tliat,  excepting  in  children,  one 
attack  of  apoplexy  predisposc^s  to  another.  Endarteritis  is  a  steadily 
progressive  disease.  No  prognosis  can  safely  be  given  as  to  the 
length  of  the  interval  between  attacks,  but  a  second  attack  is  reason- 
ably  sure. 

The  prognosis  in  cases  due  to  syphilitic  disease  of  tlie  arteries  is 
not  more  favorable  than  in  other  cases;  for  no  amount  of  anti- 
syphilitic  treatment  can  affect  the  condition  of  softening  due  to  a 
thrombus  in  an  artery  the  subject  of  obliterating  endarteritis.  It  is» 
therefore,  a  mistake  to  give  a  good  prognosis  in  syphilitic  cases  or  to 
promise  any  more  from  treatment  in  such  castas  than  in  others.  In 
fact  these  patients  are  more  lial>le  to  recurrence  than  others,  and 
hence  the  progniKsis  is  worse*.  An  obliterating  endarteritis  is  not  to 
be  cured.  My  ext)erience  in  this  respc^ct  is  quite  the  reverse  of  that 
of  von  Monakow.'  The  eventual  prognosis  after  the  end  of  the  sixth 
month  is  much  worse  in  cases  of  embolism  and  thrombosis  than  in 
hemorrhage.  For  hi  the  former  the  symptoms  then  present  show 
the  |)ermanent  effect  of  softening,  Avhile  in  the  latter  a  shrinkage  of 
the  clot  and  its  scar  or  cyst  may  go  on  for  two  years. 

Treatment.  For  a  person  who  has  beginning  endarteritis  it  is 
essential  to  adopt  a  mamier  of  life  which  will  arrest  the  progress  of 
the  affection  and  |>revent  its  most  serious  result.  It  is  generally 
agreed  that  a  diet  wliich  is  simple  in  character,  without  rich  sauces 
and  strong  condiments,  and  wliirli  does  not  contain  an  excess  of 
nitrogenous  matter,  is  the  one  least  likely  to  increase  the  arterial 
disease.  Patients  therefore  should  not  eat  a  great  deal  of  meat, 
eggs,  or  cheese,  and  many  are  better  for  avoiding  milk.  It  is  most 
important  to  avoid  alcohol  in  any  form,  and  the  use  of  wine,  beer, 
and  spirit.s  should  be  forbitlden.  Strong  coffee  and  tobacco  are  alst> 
supposed  to  induce  endarteritis,  and  should  be  used  in  moderation 
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only.  A  proper  care  of  the  digestion  is  therefore  imperative.  An 
annual  visit  to  Carlshad  for  a  niild  course  of  treatment, or  to  Saratoga 
for  a  corresimnding  cure,  is  most  advantageous.  The  habitual  use 
of  water  both  with  and  between  meals  is  to  be  urged.  A  fair  amount 
of  exercise  not  of  an  exhausting  chanicter  is  to  be  commended,  golf 
ami  horseback  riding  beintf  :i(lvis:tbtr  as  equally  gooti  means  of 
out-of-door  exercise,  and  billiard^  t>r  Imiian-ciub  swinging  with  light 
clubs  the  best  indoor  forms.  Temiis,  or  lifting  w^eights,  or  rowing  are 
to  be  avoided,  as  they  put  too  severe  a  strain  upon  the  he/irt  for  a 
person  with  endarteritis.  Exercise  should  cau.^se  a  mild  i>erspiration, 
but  if  follow^ed  by  exhaustif»n  or  palpitation,  is  objectionable.  Many 
persons  live  more  comfortably  without  exercis<\  but  if  the  lack  of  it 
inciuces  obesity  it  must  be  taken.  Tepid  or  coo!  baths  are  preferable 
to  very  hot  ones,  and  the  sudden  shock  of  cold  is  to  be  avoided.  A 
climate  should  be  sought  without  great  extremes  of  heat  or  of  cold, 
antl  chills  should  be  guarded  against.  As  the  accurate  observations 
of  Carter^  have  proven  that  iodide  of  potaasium  does  not  decrease 
pulse  tension,  I  see  no  reason  to  believe  that  its  continued  use  in 
small  doses,  which  is  advised  by  many  aulhors,  can  in  any  way  pre- 
vent arterial  disease.  But  a  person  who  has  had  syphilis  should 
certainly  take  a  course  of  mercury  every  three  years  and  a  course  of 
iodiilc  of  potassium  every  six  months,  to  prevent  the  development  of 
endarteritis. 

Patients  who  have  any  arterial  disease  should  avoid  sudden 
exertion,  and  this  is  a  good  rule  for  everyone  over  forty-tive  years  to 
follow^  as  many  cases  of  apoplexv^  occur  after  exertion  in  apparently 
healthy  persons.  The  existence  of  miliary  aneurisms  is  often  un- 
suspected until  they  rupture  after  a  suilden  effort.  Thus  one  of  my 
frienfls,  a  healthy  woman  of  fifty  years,  lifted  a  trunk  and  imme- 
diately had  a  cerebral  hemorrhage  which  killeti  her.  It  is  just  as 
imperative  in  persons  with  endarteritis  to  avoid  exliausting  effort  as 
it  is  for  one  who  has  heart  disease.  .4nd  mental  or  emotional  excite- 
ment of  an  intense  kind  is  equally  to  be  avoided.  Contentment, 
with  a  moderate  degree  of  success  and  wealth,  is  better  than  fame  or 
riches  bought  by  an  apoplexy.  These  precautions  should  be  par- 
ticularly urged  upon  patients  who  are  known  to  have  nephritis. 

The  treatment  of  an  attack  of  apoplexy  dcjiends  upon  the  cause, 
as  hemorrhage,  or  softening,  reijuire  exactly  opposite  measures. 

If  it  is  apparent  that  a  hemorrhage  has  occurred  the  patient  should 
not  be  carried  far,  or  jolted  in  the  process,  but  should  be  placed  in 
bed  with  his  head  somewhat  higher  than  usual,  and  should  lie  upon 
the  non-paralyzed  side  rather  than  upon  the  other,  or  upon  his  back. 
Respiration  is  ahvays  hampered  by  the  accumulation  of  saliva,  by  a 
falling  backward  of  the  larynx,  and  by  paralysis  of  the  respiratory 
muscles  on  one  side.  If  the  patient  lies  on  the  non-paralyzed  side 
the  saliva  runs  out,  the  larynx  does  not  become  obstructed,  and  the 

1  American  Jounml  of  the  MedicAl  ScieoceSp  1901,  vol.  ejoni.  p,  854. 


624 


THE  CEREBRAL  DISEASES  OF  VASCULAR  ORIGIN. 


weak  sidp  exi>an<is  bettor  tliaii  if  it  is  held  down  by  the  weight  of  the 
bn<ly.^  If  gravitation  acts  at  all  on  the  clot,  it  shnulfl  not  favor  its 
rupture  into  the  ventricle,  hence  the  side  of  the  brain  which  i.s  injured 
should  be  against  the  pillow.  The  full,  beating  pulst*  whicli  ten4s  to 
increase  the  bleeihng  is  often  the  result  of  carbonic  acid  poisoning 
from  imperfect  resf>iration.  All  obstructions  to  breathing,  tight 
clothing  or  neck-bands  should,  of  course,  be  reniovetl.  The  mouth 
should  be  wiped  out  frequently  with  an  alkaline  antiseptic  solution. 
All  exertion,  sucli  as  swallowing,  and  the  consequent  coughing  which 
inevitable  choking  produces,  are  to  be  avoitled,  hence  no  attempts  at 
medication  by  the  mouth  are  to  l)e  tried  during  the  coma.  Vomiting 
is  always  dangerous  to  the  patient,  from  the  strain  ami  the  possi- 
bihty  of  inhaling  particles.  It  may  be  arrested  by  a  mustard  leaf 
on  the  epigastriuuL  If  the  face  is  red  or  cyanotic,  the  pulse  full^ 
the  coma  deep,  the  tenjperature  low%  the  re.s|>iralion  lal)oretl,  vene- 
section is  indicatetl,  atui  from  twelve  to  eighteen  ounces  of  blood 
should  be  taken  from  the  arm  at  once.  It  will  do  no  good  mi  less 
done  within  a  few  hours  of  the  attack.  In  hospital  ca*ses  I  have 
8een  this  cause  great  relief,  and  believe  1  have  seen  it  save  life.  It 
should  be  employed  much  more  freely  than  it  i.s  in  ciuses  of  cerebral 
hemorrhage.  That  it  is  a  harmless  meji^sure  is  shown  by  its  general 
use  in  the  hust  century  for  all  sorts  of  {li.«ieases.  The  reaction  against 
its  abuse  has  led  to  its  neglect  in  causes  where  it  is  indicated.  The 
cases  in  which  it  does  harm  are  causes  of  weak  heart,  snmll  |tulse,  and 
general  auiemia.  Placing  a  tight  bandage  around  the  limbs  near  the 
body  will  jirevent  venous  blood  from  returning,  and  thus  take  some 
blood  from  the  brain,  and  this  is  a  means  to  be  used  when  bleeding 
cannot  be  done.  Mustard  jmste  to  the  legs  or  back  of  the  neck 
accomplishes  similar  results,  but  serious  blisters  are  too  oflen  caused 
in  states  of  unconsciousness  l\y  these  means  and  by  hot  bottles  to 
make  their  use  advisable.  Applications  of  ice  to  the  head  are  usually 
ordered,  but  it  is  questionable  if  they  do  good.  They  are,  however, 
agreeal>le  to  some  patients  when  consciousness  returns  and  tliere  is 
pain  in  the  head:  hence  it  is  possible  that  they  relieve  congestion. 
No  attempt  siiould  be  made  to  aroase  the  patient  from  the  coma  or 
to  feed  him,  and  w4ien  he  l>egins  to  recover,  all  excitement,  the  pres- 
ence of  several  i»ersonSj  and  attempts  to  talk,  should  be  prevented; 
and  quiet  in  a  darkened  room  slioutd  be  preserved.  When  it  seems 
certain  that  a  hemorrhage  is  occurring  the  use  of  adrenalin  hypo- 
dermically  or  by  the  rectum  is  a<lvisable.  It  is  also  well  to  cause 
free  purgation  by  giving  two  drops  of  croton  oil  in  a  little  butter. 
This  put  on  the  tongue  will  be  absorbed  in  the  mouth,  and  is  not  likely 
to  cause  choking  if  swallowed.  Convulsions  may  !>e  controlled  by 
chloroform  or  bj'  chloral  hydrate  given  by  rectum  in  twenty-grain 
df»ses. 
When  the  patient  recovers  consciousness  his  anxiety  should  be 
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quieted  I>y  re£ist?uninee  that  tlie  danger  is  over.  No  attempt  at  feed- 
ing shoulii  be  made  until  he  feels  hungry^  and  then  cold  milk  only 
should  be  given  for  the  first  three  or  four  days.  If  there  is  ditticulty 
in  swallowing  a  small  tube  may  be  iiitrudueed  through  the  nose,  a 
spray  of  cocaine  being  first  used  in  tlie  throat,  and  milk  given  through 
this.  Water  may  be  given  freely  if  desired, and, in  cases  of  nephritis, 
should  he  urged  upon  the  patient.  In  such  cases,  if  there  is  not  a  free 
excretion  of  urine^  an  enema  of  salt  sc^ution  will  be  advisable.  Heart 
gtimulants  shouUl  be  avoidetl,  aial  wine,  coffee,  or  tea  are  not  to  be 
useil  unless  a  condition  of  weakness  of  the  heart  becomes  very 
manifest.  Aconite  in  small  doses  fretiuently  repeated  is  of  service, 
as  it  quiets  the  increased  activity  of  the  heart.  Hypodermic  injec- 
tions of  camphor,  2  grains,  dissolved  in  thirty  minims  of  olive  oil  is 
the  best  heart  stimulant  if  one  l>ecoines  necessary.  If  the  patient  is 
very  restless  bromide  of  sodium  in  thirty-grain  doses  every  six  hours 
may  t^e  given,  and  if  sleepless,  trional  in  fifteen  grain  doses  maybe 
used.  Tepid  sponge  baths  with  alcohol  are  very  fpiieting  and  re- 
freshing. Great  care  should  be  taken  to  keep  the  body  clean.  The 
bladder  should  be  em[>tieil  by  catheter  every  three  hours  to  prevent 
soiling  of  the  be^l,  antl  a  daily  enema  should  be  used  to  clean  out  the 
rectum.  Castf»r  oil,  or  aloes^or  cascara  may  be  given  to  keej)  the 
bowels  ot>cm.  Pads  of  oakum  or  cotton  may  be  used  to  |>revent 
pressure^  and  the  jiosition  nmst  be  cfianged  every  little  while  to 
relieve  restlessness  and  prevent  bed-sores.  An  air-bed  or  water-bed 
18  rarely  necessarVi  but  may  give  comfort. 

It  has  long  been  the  custom  to  give  five  or  ten-grain  doses  of  iodide 
of  potassium  three  times  a  day  to  assist  the  absorption  of  a  clot. 
Those  who  believe  that  it  will  accomplish  any  result  may  continue 
to  use  it. 

If  it  is  apparent  that  the  stroke  of  apoplexy  is  tlue  to  an  endxjlism, 
or  a  thnnnbosis,  and  the  t>atient  i.s  pale  anil  the  heart  is  weak,  he 
shnukl  ix'  laid  flat  in  bed,  and  lieart  stimulants  with  vasodilators 
should  be  used  at  once.  A  hypoflennic  injection  of  nitroglycerin, 
one-one-hunih'edth  grain  in  whiskey  or  cognac  should  be  given,  and 
the  alcoholic  stimulant  rejic^ated  or  given  with  hot  water  as  an  enema. 
Ammonia  may  l>e  inhaled  and  Hoffman's  anodyne  may  be  usecL 
Heat  should  be  applied  to  the  body,  but  the  measures  reconnuended 
in  hemorrhage— venesection,  purgation,  ice  to  the  head,  and  adre- 
nalin—are eontraindicated.  If  convulsions  occur  chloroform  may  be 
used  or  chloral  in  large  dose  by  enema.  Absolute  rest  should  be 
enforced,  no  effort  allowed  as  the  patient  recovers  consciousness,  and 
then,  when  he  is  able  to  swallow,  supporting  food,  mild  stimulation 
with  coffee,  hot  drinks,  milk,  and  beef  tea  shouki  be  given.  These 
measures  are  of  great  value  in  the  slight  prodromal  attacks  which 
precede  a  stroke  in  cases  of  endarteritis.  I  ha%^e  seen  very  marked 
and  favorable  effects  from  the  use  of  caffeine  citrate  or  the  sodium 
salicylate  of  caffeine,  three-grain  doses  every  six  hours.  If  the  pulse 
tension  is  higli  nitrite  of  soJimu  in  two  or  three-grain  doses  every  four 
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hours  may  be  ased,  as  it  is  less  sudden  and  more  prolonged  in 
effect  than  nitroglycerin.  It  may  be  given  with  the  caffeine.  If 
an  ififlanimatory  reaction  follows  the  embolism,  and  the  temi>erature 
rises,  and  restlessness  and  insomnia  follow,  the  caffeine  must  be 
stopped,  and  bromide  of  sodium  or  chloral  hydrate  used.  The  latter 
in  five-grain  doses  ever}"  four  hours  is  of  much  service  in  these  cases, 
as  it  does  not  increase  the  arterial  tension  and  yet  quiets  the  brain, 
Trional  is  also  of  service  to  cause  sleep.  A  rapid  relief  from  the 
coma  not  infrequently  follows  this  treatment  in  eases  of  embolism  or 
tlironil>osis  as  the  collateral  circulation  is  stimulated.  In  the  cases 
where  the  tem])erature  rises  and  active  encephalitis  occurs,  ice  to  the 
head,  antipyretics,  such  as  phenacetin,  acetanilitb  cool  sponging,  and 
laxatives  are  indicated,  Imt  medteation  accomj>tishes  little. 

^Tien  it  is  impossible  to  make  an  accurate  diagnosis  between 
hemorrhage  and  thrombosis  or  embolism  it  is  not  safe  to  employ 
active  medication  directed  to  either  condition,  lest  the  damage  to  the 
brain  may  be  increased.  In  such  cases  it  is  better  to  secure  absolute 
rest:  to  aid  the  rps|iiration  In-  iwsition  on  one  side:  to  see  that  the 
condition  of  the  heart  and  pulse  is  favorable,  using  either  mild 
sedatives  like  aconite,  or  mild  stimulants  like  camphor  and  caffeine, 
as  they  are  indicated:  to  apjily  ice  to  the  head,  and  if  there  is  much 
restlessness  to  use  bronddes  fr«*ely.  When  consciousness  returns 
quiet  should  be  ensured,  a  mild  light  fluid  diet  ordererl,  plenty  of 
water  given,  the  skin  and  bladder  kept  in  order,  the  bowels  evacuated 
by  enemata  daily,  and  sedatives,  bromide  or  trional,  used  if  needed. 

In  cases  of  mild  onset  without  los.s  of  consciousness  the  same 
degree  of  rest  is  to  l»e  secured  as  in  severe  cases,  and  for  at  least  two 
or  three  wt^ks  after  the  attack,  no  matter  how  slight,  no|>hysica!  or 
mental  exertion  should  be  allowed,  A  light  diet,  plenty  of  water, 
and  mild  laxatives  should  be  used,  and  stinmlants  avoided.  The 
subsequent  treatment  should  dejiend  largely  uimjii  the  condition 
which  is  suspected  or  determined.  As  the  majority  of  ca.^es  of  slight 
attack  are  due  to  throuTbosis  in  diseased  arteries  rather  than  to 
hemorrhage,  vascular  dilators  and  caffeine,  with  or  without  a  small 
amount  of  digitalis,  or  sparteine  may  l3e  cautiously  tried,  and  if  found 
to  l>e  of  benefit  used  more  freely.  If  they  cause  headache  or  other 
premonitory  symjitoius  they  must  be  dis<*ontinued.  In  cases  where 
spasm  or  convulsive  movement*  have  occurred  the  use  of  bromide  is 
indicated. 

In  all  cases  the  treatment  of  the  paralytic  condition  following  an 
apoplexy  is  really  expectant.  It  is  impossible  to  hasten  the  process 
of  repair  in  the  brain,  and  time  alone  can  bring  about  a  spontaneous 
recovery. 

.  During  the  two  or  three  weeks  after  the  attack  the  [mtient  must 
not  be  allowed  to  sit  up  or  to  make  any  effort  for  any  [jurpose.  He 
must  be  fed,  his  bladder  emptied  by  catheter,  tlie  l»edpan  used  for 
his  evacuations,  and  he  must  not  turn  himself  in  bed  when  bathed. 
Cohl  applications  to  the  head  should  be  kept  up  for  a  week  or  longer 
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if  they  are  agreeable  to  the  patient.  By  the  end  of  a  week  the  diet 
may  be  increa>?ed  and  easily  digested  sohd  food  nmy  be  given.  A 
variety  of  fluids,  such  ns  lemonmle  and  mineral  waters,  may  be  given, 
and  weak  tea  and  coffee  may  be  allowed,  but  no  stimulants^  unless 
the  ease  is  one  of  thrombosis.  The  position  of  the  patient  must  be 
made  as  comfortable  as  possiljle  by  the  use  of  cushioiLs  supporting 
the  arm  and  leg,  and  their  position  may  be  changed  often.  Bathing 
with  warm  water  and  alcohol  is  very  soothing,  and  may  be  done 
twice  a  day.  No  niedieine  is  needed  during  this  stage  unless  it  is 
some  sedative  at  night.  Constant  encouragement  is  needed,  and  the 
hoi>e  of  recovery  must  be  stimulated.  At  the  end  of  two  or  three 
weeks  in  light  cases,  and  at  the  end  of  four  or  five  wTeks  in  medium 
eases,  the  patient  begins  to  draw  the  leg  up  in  bed  or  to  straighten  it 
out  when  it  has  been  passively  flexed.  After  such  motions  have 
been  possible  for  a  week,  but  not  sooner,  the  patient  may  be  lifted  to  a 
chair  and  allowed  to  make  attempts  at  stauiiing  with  the  aid  of  two 
persons  or  one  person  and  a  crutch.  It  is  not  well  for  a  patient  to 
exert  himself  in  tliis  way  too  soon  or  too  long,  for  fear  of  a  relapse. 
And  it  does  not  hasten  his  recovery  to  allow  him  to  try.  The  par- 
alyzed arm  should  Ik?  supjiorted  in  a  sling. 

The  cases  are  few  where  it  can  be  accurately  determined  that 
there  is  a  surface  heniorrhagt*  wliich  can  l>e  removed  by  surgical 
interference,  When  tins  is  the  case  there  shouhl  Ije  no  hesitation  in 
undertaking  the  operation.  Thus  in  a  case  in  which  McBurney 
tre]ihined  for  a  traumatic  hemorrhage  causing  aphasia  and  right 
henii|>legia,  the  sul:»sequent  progressive  recovery  would  undouI)tedly 
have  been  impossible  had  the  clot  not  been  removed.^  In  subcortical 
hemorrhage  no  operation  can  be  of  any  service,  for  the  clot  cannot 
be  reached  except  by  an  extensive  incision  into  the  brain,  which  in 
itself  causes  serious  and  permanent  symptoms. 

The  treatment  of  the  lienii|>legia,  which  should  be  begun  at  the  end 
of  the  second  week,  is  by  massage  of  tlie  limlis  ilaily  or  twice  a  day 
for  fifteen  minutes  at  a  time,  by  passive  movements  of  the  limbs,  and 
by  the  application  of  faradism  to  exercise  the  muscles,  especially  the 
extensors  of  the  wrist,  the  muscles  moving  the  fingers,  and  the  flexors 
and  twtensors  of  the  ankle  and  knee.  These  muscles  should  l>e 
exercised  for  a  minute  at  a  time,  and  the  entire  application  should 
take  half  an  hour.  The  facial  muscles  do  not  require  electrical  treat- 
ment, as  the  instinctive  movements  exercise  them.  It  should  be 
distinctly  understood  that  the  effect  of  electricity  is  liniited  to 
exercise.  The  use  of  galvanism  to  the  head  ha.s  long  since  been 
abaiidoned  as  usele^ss  and  possil>ly  liarmfuL  Any  device  which 
will  enable  the  patient  to  make  voluntary  motions,  and  thus  exercise 
the  muscles  by  act  of  will,  is  far  more  u-sefu!  than  electricity.  Thus 
as  soon  as  any  power  appears  in  any  muscle,  the  patient  is  to  be 
lu^ged  to  MBe  it*     He  can  do  this  if  the  action  of  the  opposing  muscle 
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be  performed  pai^sively  or  by  a  niechunical  device.  Thus  grasijiiig 
a  bulb  which  contains  a  spring  will  exercise  the  flexors  of  the  fingers 
while  the  extensors  are  still  unable  to  open  the  hand:  pressing  on 
the  \yvx\n\  of  a  sewing  nmcliine  will  exercise  weak  flexors  of  the  ankle 
while  the  extensors  are  still  unable  to  lift  the  toes.  Such  tleviees  not 
only  serve  to  exercise  the  muscles  but  also  to  occupy  the  patient*s 
mind,  which  is  usually  devotetl  wholly  to  the  consideration  of  his 
state.  Muscle  beating  helps  some  patients,  and  niay  hv  coiiibitied 
with  massage  Warm  applications  followed  by  cool  affusions  some- 
times stimylate  the  circulation  in  the  limb  and  iielp  the  strength:  and 
as  soon  as  walking  is  irossible  it  should  l>e  alloweil,  and  stej>ping 
over  obstacles,  and  careful  voluntary  motions  of  the  leg  should  be 
practised,  and  the  attention  shoukl  l)e  directed  to  the  act  of  walking 
so  as  to  prevent  a  hemiplegic  gait  from  being  acc[uired.  The  same 
training  as  has  been  used  by  Fraenkel  in  the  treatment  of  locomotor 
ataxia  is  very  useful  in  cases  of  hemiplegia.     (See  page  327, | 

The  hemiana^sthesia  may  occasionally  be  benehted  within  a  week 
by  the  application  of  a  faradic  cuirent  to  the  limbs,  tlie  faradic  brush 
being  preferred.  If  it  has  no  effect,  however,  within  a  month  of  the 
onset  there  is  no  treatment  which  will  restore  scMisation,and  faradisni 
usually  increases  the  subjective  numbness  which  annoys  the  patient. 

The  hennanopsia  cannot  l)e  treated  in  any  way,  and  it  is  often 
well  not  to  call  the  patient  s  attention  to  it,  as  little  by  little  it  is  tlis- 
regarded.  I  have  seen  a  number  of  patients  who  had  bilateral 
homonymous  hemianopsia  but  were  not  aware  of  the  fact. 

The  aphasia  is  open  to  treatment  by  education  in  some  cas4»s,  but 
not  in  all.  Practice  in  reading,  in  reading  aloud,  in  naming  objects 
anrl  in  wTiting  is  sometimes  successful  in  recalling  Oie  lost  niemoriea 
and  powers  of  expressir^n.  I  havt^  had  patients  who  learned  to  read 
again  by  the  use  of  the  letters  of  the  alphaljet  printed  on  little  cards. 
I  have  known  j)atients  who  ac«[uired  a  nin\'  language  before  they 
relearned  their  own  tongue.  I  have  known  patients  who  could  sing 
before  they  could  talk.  I  have  known  patients  to  carry  about  a  little 
dictionary  and  to  find  in  it  the  word  they  could  recall  by  sight  but 
could  not  utter^and  tlius  to  convey  their  ideas.  If  no  attempts  at  re- 
education are  suceessfyl  the  deaf-and-duml)  huiguage  should  be 
acquired,  and  it  may  interest  the  patient  to  teach  him  this  from  the 
outset^  showing  him  large  printer!  letters  and  letting  him  form  a  new 
association  of  ideas  lietween  them  and  the  position  assumed  by  ihe 
hands.  If  hemiplegia  attends  tlie  aphasia  the  well  hand  may  be 
used.  The  eereljeilar  .symptoms  usually  subside  spontaneously,  but 
obstinate  vertigo  can  sometimes  l>e  relieved  by  tlie  use  of  bromide. 

Post-hemiplegic  tremor  or  athetosis  is  not  benefited  by  any  form 
of  treatment. 

The  mental  symptoms  cannot  be  treated.  But  the  patients  can 
be  kept  from  excitement,  from  emotional  strain,  from  mental  effort, 
ami  must  have  cheerful  surroundings  and  mild  forms  of  anmsement. 
It  is  better  for  the  general  welfare  of  educated  and  active  persons  to 
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allow  them  some  definite  mental  occupation,  and  if  new  interests 
cannot  be  started  it  is  better  to  permit  some  apparent  resumption  of 
professional  or  business  life,  and  visits  of  former  associates,  than  to 
allow  them  to  drift  into  a  state  of  mental  depression  over  their  appar- 
ently useless  condition.  Cheerful  companionship,  entertaining  read- 
ing by  a  good  reader,  games,  the  dictation  of  correspondence,  and 
the  general  interests  of  life  may  afford  sufficient  occupation.  And 
eventually  travel  may  be  allowed.  It  is  well  for  a  person  who  has 
had  one  attack  to  avoid  extremes  of  climate  and  high  altitudes. 
A  winter  in  a  dry,  mild  climate  like  that  of  Bermuda,  Nassau, 
California,  the  Nile,  or  the  Riviera,  and  a  summer  in  the  mountains 
or  by  the  sea,  not  exposed  to  great  heat,  will  prolong  life. 
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CHAPTER    XXVII. 
THE  CEREBRAL  ATROPHIES  OF  CHlLlJHooD. 

"Tnfantilc*  H(^nuiil<*|^ia,  Diplegia,  Fetble-miudedness,  Imbecility,  Idiocy,  Blindness, 
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MALDEVILOFMEMT  Or  THl  BEAIK. 

Thf.  l)raiii  may  lx»  injured  or  diseased  in  fcetal  life,  or  at  the  time  of 
hirth^  or  cluring  infuiie\%  ami  in  conse<iuence  may  fail  to  develop  in  a 
normal  manner.  When  this  ooeurs  a  condition  of  rerebral  atrophy 
is  foiind  after  death.  The  atrophy  may  he  limitoti  in  its  extent  to  a 
few  eonvolutions,  or  may  involve  one  lobe  of  the  brain,  or  may  affect 
the  entire  brain  in  greater  or  les.s  degree.  The  sym|)toms  produced 
by  cerebral  atrofjhy  are  numerous^  but  patients  are  easily  iXssigTieil 
to  one  of  three  gr<Hips  of  cases,  in  accordanre  with  the  chief  feature 
presented,  tlunigli  in  some  imtients  tlie  syni|>toms  of  all  tht'  gn»uj>s 
are  fount  1. 

Clinical  Oroups.  Tlie  first  ^rou]>  of  cases  is  characterized  by 
s])astic  paralysis,  which  may  be  hemiplegic  or  chplegic  in  tyi>e.  In 
the  di|»legic  furm  both  legs  may  be  affected,  or  bf)th  arms  as  well  as 
both  legs.  The  paralysis  is  often  accompanied  by  aplnisia  and  by 
athetosis,  antl  not  infrequently  by  sensory  defects,  by  imbecility, 
and  by  epilepsy. 

The  second  grou|)  of  cases  is  characterized  by  mental  flefects  of 
gff^ater  or  less  dt*grc(\  T!ies<*  may  vary  from  absolute  idiocy  to 
feeblemindedness,  or  the  patient  may  sliow  merely  some  peculiarity 
of  conduct,  indicating  a  hack  of  the  highest  powers  of  attention,  and 
of  reasoning,  nnd  of  self-control.  l^])ilepsy  may  develop  hi  these 
causes. 

The  third  group  of  cases  is  characterized  by  sensory  defects: 
either  hemianopsia,  or  total  blindness,  or  d<*afness,  ami  consequent 
mutism.     In  these  cases  also  imlx*cility  an<i  epilepsy  may  develop. 

Frequency*  ('Vn^bra!  atro[:ihy  is  not  rare.  I  have  records  of  40() 
cast's.  Of  th<*se  274  lH*loiiged  to  the  first  group,  219  having  henu- 
plegia,  and  55  diplegia.  Among  these  patients  IfK)  were  aphasic;  89 
had  athetosis,  and  90  had  epilepsy.  In  120  some  degree  of  mental 
defect  wa^  apparent.  To  the  second  grouji  111  patients  could  be 
assigned^  as  the  menial  defects  were  more  marked  than  other  synip- 
tonus.  Sixty  of  the  secouii  group  were  epilejitics,  Tn  the  third 
group  15  patients  could  be  assigned,  7  being  blind,  3  haiing  hemi- 
anopsia, and  5  being  totally  deaf  from  birth.  Six  of  these  patients 
were  epileptics,  but  none  was  imbecile. 
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Etiolagy.  In  some  eases  prenatal  influences  are  responsible  for 
the  iniildevelotjinent  of  the  lirain.  Osier  reports  a  ca.^  of  hemor- 
rhage found  in  the  brain  of  a  ftrtus,  the  mother  having  died  of 
typhoiil  fe%T'r  at  tlie  sixth  month  of  pregnancy.  Cotard  ha.s  re- 
ported a  similar  condition,  the  mother  having  received  an  injury. 
Any  severe  disease  in  the  mother  may  affect  tlie  development  of  the 
foetal  brain.  Syphilis  in  either  parent  may  prevent  a  proi)er  evo- 
lution of  the  child's  nervous  system.  Sachs  holds  that  the  fre- 
quency with  which  infants  of  neurotic,  epileptic,  alcoholic,  and 
insane  parents  pres<mt  cerebral  defects  is  proof  that  jjrenatal  influ- 
ences are  potent  causes  of  cerebral  palsy  anil  idiocy.  It  has  been 
thought  that  cerebral  thrombcw^is  and  encephalitis  may  occui'  in 
the  fcptus. 

Many  cases  date  from  birth.  In  these  some  evidence  of  trauma- 
tism can  usually  be  ol)tained.  Thus  in  177  of  my  4(K)  casc\s  there  was 
a  history  of  difficult  lal>or,  either  a  long  protracted  labor,  or  a  malposi- 
tion reijuiring  manual  delivery,  or  instruiiiental  delivery.  In  several 
cases  labor  was  premature.and  the  child  was  ke|>t  alive  with  difficulty. 
In  tw^o  cases  the  patient  \\*as  a  twin.  In  manyca,^^s  the  child  was  born 
asphyxiated*  In  a!l  these  eases  it  is  jirobal*le  that  mrningeal  or 
cerebral  hemorrhage  occurred  thiriog  delivery,  and  that  the  f>ressure 
upon  the  brain  or  some  injury  to  it  preventctl  a  normal  development. 

In  some  cases  the  symjjtoms  ap|)ear  suddenly  in  a  nornuil  infant 
during  the  early  years  of  life,  the  first  three  years  being  the  i^eriod  of 
greatest  liability.  Among  my  patients  eighty-two  develo])ed  symp- 
toms during  the  first  year,  fifty-eight  during  tlie  second  year,  twenty- 
eight  <iuring  the  third  year,  the  remainder  later.  Some  causes  are 
trauniatic.  Twenty-two  of  my  patients  had  suffered  from  severe 
falls  during  infancy.  Other  cases  were  due  to  cerebral  hemorrhage, 
emiiolism,  or  thrombosis,  or  to  an  acute  encephalitis.  Any  of  these 
CiJiulitions  may  occur  as  a  complication  of  the  infectious  diseiises  of 
childhood,  and  hence  cereliral  [)al8ies  or  idiocy  may  date  from  an 
attack  of  measles,  diphtheria,  wluHiping-cough,  cerebro-spinal  men- 
ingitis, pneumonia,  scarlet  fever,  or  typhoid  fever,  Tliere  w^as  a 
history  of  one  of  tliese  diseases  in  twenty  of  my  i>atients.  Menin* 
gitis  and  hydrocephalus  are  common  causes.  In  a  great  many  cases 
the  occurrence  of  a  convulsion  is  the  cause  assigned:  but  w^hether 
the  convulsion  is  the  first  symptom  of  the  lesion,  or  whether  \n  a 
convulsion  some  vascular  rupture  causes  a  lesion  of  the  brain,  is  never 
a  matter  of  certainty.  P^orty  per  cent,  of  my  patients  had  an  initial 
convulsion. 

There  are  also  cases  in  which  no  cause  can  be  found.  An  arrest  of 
develoiiment  of  the  brain  may  occur  at  any  time  during  the  first 
twenty  years  of  life,  and  then  produce  symptoms. 

Pathology.  Records  of  the  pathological  condition  found  in  all  the 
three  groups  of  cases  ilescribe*t  have  been  compiled,  collections  of 
cases  with  autopsies  having  l>een  made  by  numerous  writers. 

The  lesions  found  are  various  in  kiml,  in  origin,  and  in  situation, 
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but  a  careful  study  elicits?  two  couclui^ioos:  Firpt,  the  difference  in 
the  clinical  tyjjes  h  due  to  tlie  varying  situation  of  tlie  lesion  iTither 
tlian  to  it8  varj'ing  nature:  secondly,  that  the  viirious  processes  of 
disease  have,  as  a  fairly  uniform  result,  a  condition  of  atrophy  with 
sclerosis  of  the  brain,  which  we  may  tenn  sclerotic  atrophy. 

In  the  first  clinical  type  the  sclerotic  atro|)hy  involves  the  motor 
area  of  the  brain — /.  e,,  the  central  convolutions  bordering  the  fissure 
of  Rolando  and  the  cortex  of  their  immediate  vicinity,  and  involves 
also  the  motor  tract  arising  from  tliis  part  of  the  cortex,  and  usually 
the  basal  ganglia  as  w^ell.  (See  Fig.  214.)  Sometimes  the  lesion  h 
confined  to  the  basal  ganglia.  In  the  second  type  the  sclerotic 
atrophy  involves  the  anterior  jiortion  of  the  brain,  and  sometimes 


Fig.  214. 


y 


^ 


Sdemtic  Atropbjr  of  the  cortex  supplied  by  the  inld<! 
Idiocy,  and  cpUepey.    Both  bemliphere«   ' 


<llpleglii, 


the  entire  hemisphere  to  a  greater  or  less  extent.  (See  Fig.  215.) 
In  the  third  type  the  sclerotic  atrophy  involves  the  posterior  and 
latend  parts  of  the  hemispheres. 

It  is  not  surprising  that  the  variation  in  the  situation  shoulil  pro- 
duce varying  symptoms  in  view  of  the  facts  of  the  localization  of 
brain-fimctions  already  stated.  That  there  should  be  a  limitation 
of  the  sclerotic  atrophy  to  certain  lobes  or  regi(jns— to  the  frontal,  or 
central,  or  occipital,  or  parieto-temporal  regions— in  %mrious  cases, 
has  led  to  the  conclusion  that  the  origin  of  the  disease  lay  in  some 
interference  with  the  blood  suiJ]jly  of  the  part  affeetedy  since  it  has 
often  l)een  evident  that  the  atrophy  was  limited  to  the  region  nour- 
ished by  blood  reaching  it  through  one  arterial  trunk.  And  this 
theory  has  been  rightly  supposed  to  explain  the  pathogenesis  of 
these  cases.  Whether  thrombosis  or  hemorrliage  has  occurred  is 
not  always  easy  to  tU^ermine. 
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It  ha^  been  state*  1  that  tlie  varidus  ])rneesi^e*^  of  disease  liave,  as  a 
uiiiforni  result,  a  euiidition  of  srlerotic  atrn|)liy.  This  fact  is  borne 
out  by  the  following  remme  of  ]iatht>logi(nil  tiiKhngs  in  IM'A  eas<\s  which 
have  been  gathered  from  the  records  of  Kundrat,  Audry^  Wallenf^erg, 
Osier,  Wilmarth,  Fere,  Henoch,  Hirt,  Fowler,  Schultze,  8aehs,  Rich- 
ardi^re,  Boiirneville,  Fisher,  and  from  recent  American  and  foreign 
journals.     Tlie  conditions  fouml  were  as  follows: 

Porencephalua,  a  localized  atrophy  or  agenesis,  leaving  a  cavity 
in  the  cerebral  iiemisplierCp  which  may  be  deep  enough  to  open  into 
the  ventricle,  132  eases.     Figs.  216  ami  21S  show  this  condition. 


Fio.  215. 


Congenital  nuUdefelopineut  of  tbe  right  bemlspbere  of  the  bmln.  with  iclerotlo  itmpljy. 
The  child  was  hemlplegic.  Idiotic,  tDd  epUeptlc 

Sclerotic  atrophy,  an  atrophic  condition  of  the  brain  with  an  in- 
crease of  connective  tissue  and  disappearance  of  the  ner\'ous 
elements;  affecting  both  hemispheres,  or  on<*  only,  or  a  part  of  one 
onh%  or  limited  to  small  areas  in  various  parts,  97  cases.  This  is  the 
terminal  result  of  encephalitis  (q.  ?^)  ami  often  results  from  mal- 
(levelopment  from  unknown  caages  acting  on  the  fcetus. 

Mald©v6lopmeiit  and  api>arent  atrophic  condition  of  the  niinute 
structures  of  the  hemisphere,  chiefly  cortical,  the  cells  resembling 
tho.sc*  of  a  newd>orn  child,  l*ut  with  no  apparent  gross  defects  in  the 
brain,  32  cases. 
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Atrophy,  ccmsequriil  u)>oii  tlu' condition  of  softening  produced  by 
enibuli^ni  nr  thronil)uwi.s^  ;ind  limited  in  extent  to  certain  iirterial 
distriets  of  the  brain,  23  cases.     Fig,  214  shows  this  eoeclitioii. 


Fig.  216. 


Fio.  217. 


I 


PToniAl  tection  through  a  porenoeph&llc  l>nitD,  The  left  bemlflphero  ii  nomuil.  The  right 
beinisphere  !■  mtroy>ble«t  in  ioto,  And  hiisftcavlly  Id  the  motor  re^on  whtch  cxtead*  dairniir«rd 
Into  Ibe  ventrlelc.  The  trnml  gwiglia  are  Atrophied.  ThLi  condition  la  Alwiys  coageuit&l.  (ShAV 
tenbcrg  » 

Meningo-encephalitis,  a  condition  shown  by  thickening  and  ad- 
hesion between  llje  pia  and  the  brain,  with  destruction  of  the  cere- 
bral  cells  and  atrophy  of  the  cortex,  21  cases. 


Bupeiior  surfAce  of  n  brain  of  a  congcnitnl  Imbecile  who  had  bemiplegi&  ftod  epUepey.  The 
entire  ligbt  bemispliere  is  atrophied.  C  is  the  ftrucbuoidp  wblch  was  tblckeoed  and  formed  tbe 
w»U  of  »  cy«UG  cftvity  in  the  bemitpbere.    (Ferroro.) 
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Homorrhagre  on  or  in  the  brain »  as  shoT^-n  by  the  remains  of  a 
clot,  or  by  hEPniatin  staining  of  a  cy.st,  of  the  pia,  or  of  the  selerotic 
tissue,  18  cases. 

Hydrocephalus  ^dth  extreme  dilatation  of  the  ventricles,  so  that 
the  brain  tissue  is  reduced  to  a  mere  wail  alioiit  the  cavity,  5  cases. 

Hydrocephalus  is  an  accunmtatioe  of  serum  in  large  aniouut  in  the 
cranium.  If  the  serum  collects  in  the  meninges  it  compresses  the 
brain  and  is  associated  with  atrophy.  This  is  termed  exiernni  hydro- 
cepkahis.  It  is  a  rare  condition,  secondary  to  meningitis  or  to  mal- 
development  of  the  brain,  and  not  infrequently  the  fluid  is  poured 

Fig.  22a. 


ir/^ 


Saperlor  gurface  of  the  bmin  of  a  cougciittAl  Imbedle.  The  ftracbnotd  being  removed,  tht 
porencephilk  cavity  1e  displayed .  The  cnrtex  in  wholly  defecli^e  over  the  upper  frotitHl  aod 
parietal  Jotiea,  axid  tbe  cavlti'  In  the  heinlapUere  u|«iih  Into  the  lateml  vetitride  at  D.  in  wbicb  th« 
cborafd  plisxni  E  la  adeo.    (Fermro.) 

out  to  fill  the  space  left  between  im  atrophic  brain  and  the  cranium. 
The  common  form  of  hy<lrncephalus  is  internal  hydrocephaly s,  that  is 
a  distention  of  the  ventricles  of  the  l>rain  l)y  an  exudation  of  serum 
into  them. 

Internal  hydrocephalus  may  be  acute  or  chronic.  The  acute  form 
is  always  due  to  meningitis,  either  simple  or  tubercuhtus  (see  Chapter 
XXXMII,).  The  chronic  form  may  lie  secondary  \o  a  mild  menin- 
gitis or  eiH?ndyniitis,  the  original  flisras4*  resulting  in  an  adhesion 
within  the  ventricles,  which  closes  one  of  the  foramina  and  prevents 
the  free  flow  of  serum  from  the  lateral  ventricles  outward  through 
the  aqueduct  of  Sylvius  and  the  fourth  ventricle  and  the  foramen  of 
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Mfigeudie  into  the  space  about  the  brain.  It  may  also  be  secondary 
to  any  tiisease  in  or  outsside  of  tlie  brain  which  compresses  the  base  and 
obstructs  the  free  exit  of  serum  from  the  ventricles.  Thus  tuniors 
of  the  brain  usually  cause  hydrocephalus.  It  maj'  also  be  secondary 
to  syphilitic  disease  in  the  brain  or  meninges,  and  many  congenital 
cases  are  due  to  inherited  syphilis,  with  closure  of  the  aqueduct  or 
foramina.  Chronic  internal  hydrocephalus  is  in  many  cases  a  con- 
genital condition,  and  is  very  frequently  associated  with  rickets.  It 
is  considered  a  primary  condition  in  cases  where  no  cause  can  be 
ascertained,  and  it  is  in  these  cas*,^s  that  the  most  extreme  distention 
of  the  brain  is  obstTved,  The  fluid  apjiears  to  be  secreted  by  the 
ependyma  of  the  lateral  ventricles,  and  may  vary  in  amount  from  a 
few  ounces  up  to  five  or  six  pints.  It  is  identical  with  the  cerebro- 
spinal fluid.  It  gradually  distends  the  ventricles,  dilates  the  passages 
between  them,  and  compresses  the  brain.  The  brain  becomes 
anemic  and  atrophies,  so  that  finally  a  mere,  thin  capsule  of  brain 
tissue  is  left  about  the  ventricles.  The  gradual  compression  and 
atrophy  of  the  brain  interfere  with  the  function  of  the  tracts  passing 
through  it,  and  hence  gives  rise  to  spastic  diplegia,  to  sensory  defects, 
to  mental  deterioration,  and  imlx*cility.  The  distention  of  the  brain 
causes  a  distention  of  the  skull,  giving  rise  to  the  characteristic 
hydrocephalic  skull,  in  which  the  sutures  are  separated,  the  frontal 
and  parietal  bosses  bulge  outward,  and  the  liead  is  of  enormous  size. 
The  softening  of  the  bones  may  be  the  earliest  sign  of  a  lieginning 
hydrocephalus.  Holt  states  that  the  average  head  at  birth  meas- 
ures 14  inches  in  circuitiferenee,  and  at  one  year  measures  18  to 
ly  inches.  A  rajjiil  enlargement  beyond  these  limits  during  infancy 
is  suggestive  of  hydrocephalus.  The  enlargement  may  progress 
slowly  for  several  years,  or  may  cease  at  any  time,  spontaneous 
arrest  of  the  condition  being  observed  in  aliout  G  |>er  cent,  of  the 
patients.  Ninety-four  per  cent,  of  these  patients  die  before  the 
age  of  seven  years.  Attempts  to  drain  the  ventricles  do  not  result 
in  an  arrest  of  the  secretion,  and  hence  are  almost  uniformly  un- 
successful.* 

Unilateral  hydrocephalus  was  found  in  one  case  in  the  patho- 
logical records. 

It  is  evident  that  the  common  condition  in  all  these  cases  w^as  an 
atrophy  of  the  brain. 

The  maldevelopment  of  the  brain  is  usually  accomj^anied  by  a 
state  of  microcephalus,  all  the  measurements  of  the  skuJl  being 
reduced  as  compared  with  a  normal  head.  In  many  such  children 
great  asymmetry  of  the  skull  is  foimd.  In  other  cases  the  head  is 
unusually  large.  A  large  head  may  contain  a  microce[)ha!ic  l)rain, 
the  space  about  it  being  tilled  with  fluid.  The  asymmetry  becomes 
more  noticeable  as  the  child  grows  up.  The  following  taf>le  shows 
the  measurements  of   the  average  normal  skull  and  the  limits  of 

1  gee  Brain  Surgery,  Cbapier  VII. 
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pbyMological  variation  in  an  adult, 
these  limits  are  passed. 


In  cases  of  cerebral  atrophy 


Table  of  MEAgu&EMESTs 

OF  THE  Skull.    (Petebsok.) 

ATerageof  narnuU 

Omits  of  phyriologlcal 

m&Ie  fikoJl. 

rarUtkMi. 

Cfreamferctice 

n£^  cm. 

4B,& 

to     57.4  cm. 

Volame  (rongb  cpprounuuon » 

1500,0    ** 

1^1.0 

•*  ITSLO    *• 

Kuo-oodpltat  ftFc      .       .       , 

82,0    " 

20,0 

"     UM    '* 

12.5    '* 

IQS 

**      J4.»    *• 

lis  •• 

HI 

"      14,4    - 

ElOAuricuUr  ftTC 

sio  " 

tt.4 

"      85,0    - 

Antero-poiteiior  diameter 

17,7    ** 

36.5 

•*      19.0    " 

Gr^fttaft  tmikfTene  dlftmeter    . 

i4.e  " 

18.0 

••      16.5    ** 

Lengtb'breftdth  Index 

8SL2    •• 

7».l 

•*      87.0    " 

Binftoricalftr  dUmeter 

1X4    *• 

10,9 

•*      1^9    " 

FftdAl  length      ... 

12.S7  •• 

10.5 

»•      14.4     ' 

h  Symptoms  of  Carebral  Spastic  Paralysis.  The  fii*st  group  of 
eaaes  pres*_*nt  ^yinptonis  of  paralysis.  This  may  be  unilateral  or 
bilateral. 

Hemiplegia.  In  the  causes  which  develop  a  unilateral  paralysis 
the  characte^ristic  features  of  heuiiplegia  as  seen  in  adults  are  evident. 
This  may  date  from  birth  or  it  may  develop  later.  If  it  develops  in 
infancy  it  usually  begins  with  a  series  of  convulsions,  which  are  often 
general,  but  may  \h*  unilateral,  and  are  attended  by  high  fever,  102® 
to  105*^  F.,  anrl  nausea,  voniiting,  and  headache,  with  delirium.  The 
onset  is  followed  by  a  (M^riod  of  unconsciousness  of  varying  duration, 
from  an  hour  to  two  or  three  days,  the  average  being  twelve  hours. 
The  child  may  die  in  such  an  attack.  But  there  is  usually  a  gradual 
improvement  in  the  paralysis  after  the  active  manifestations  of  the 
onset  have  subsided;  and,  finally,  a  stationary  condition  remains,  in 
w^hich  the  face  is  but  shghtly  atTected  in  its  voluntary  or  automatic 
movements:  ttie  speech  is  acquired  very  slow^ly,  or  is  slowly  re- 
gained, if  it  had  been  lost;  thr  arm  is  cpiite  seriously  paralyzed,  the 
fingers  being  stiff  and  awkward,  and  somptinips  Ix^ing  in  constant 
sknv  involuntary  niotioit  wliirli  is  palled  athetosis;  the  le^g  is  weak, 
and  the  knee  and  ankle  are  hel*l  rigid,  so  that  the  child  limps  in 
walking,  and  sometimes  has  a  club-foot.  A  slow  imj>rovement  is 
the  rule.  As  time  goes  on  the  chiM  learns  to  helj)  himself  in  many 
waysp  and  it  is  po.<sible  for  the  gradual  growth  of  the  limbs  to  be 
attendc^il  l)y  increa^sing  power.  In  all  cases  the  [niralyzed  liniKs  are 
founrl  to  \w  affected  in  their  growth  and  development,  so  that  they 
are  smaller,  colder,  stiffer,  aritl  weaker  than  the  others;  they  are 
often  V)lue  and  cyanotic.  The  reflexes  are  exaggeTated  on  the  par- 
alyzed side.  Tlie  eleetrical  reactions  are  not  »jualitatively  changed. 
The  sensation  is  normal  This  condition  remains  through  life  as  a 
permanent  defect  *  and  although  the  division  r»f  contractured  nmscles 
or  tendons,  and  the  application  of  ingenious  a[i])aratus,  may  correct 
deformities  and  make  the  jjaralyzed  jiarts  fairly  useful,  and  although 
the  apphcation  of  electricity  to  the  mnselps  chteHy  affeeted  may  in- 


HemlplegtA,  wilb  contmctureft.    The  paUent  had  suf- 
fered ainoe  the  age  of  two  ye&ni.    (CurKbmaDQ  J 


hand  freely,  and  always  obliged  to  limp  in  walking,  are  able  to 
occupy  places  as  clerks  or  tnessengers,  or  have  been  able  to  go 
through  college,  and  even  to  study  a  profession.  It  is  only  in  the 
cases  in  which  weak-mindedness  and  epilepsy  occur  that  the  con- 
dition is  a  hop**Iess  one.  But  even  when  the  final  state  is  not  one  uf 
helplessness  these   patients  are  extremely  liable  to  other  nervous 
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diseases.  Thus  several  such  persons  under  my  observation  have 
suffered  from  elironie  neurasthenia  and  liysteria.  One  of  them 
developed  attacks  of  mania  of  short  duration  but  frequent  recur* 
rence,  not  unlike  tlie  [jsychical  epileptic  equivalent,  and,  though 
an  educated  lawyer,  has  required  asylum  care  for  several  years 
past. 

Spastic  Rigidity;  Athetosis,  The  especial  characteristics  of  this 
form  of  hemiplegia  are  the  spastic  rigidity  of  the  affected  limbs  with 
marked  contracture,  and  the  athetosis.  The  contractures  lead  to 
various  deformities  about  the  ankle  and  wrist,  especially  to  clul^foot. 
Fig.  221  shows  these  contlitions.  Athetosis  may  occur  when  the 
hand  or  foot  are  quiet.  \\*hen  the  child  attempts  to  move  the  hand 
or  leg  unexjieetedly  involuntary  slow  motions  occur  which  prevent 
the  intended  result,  or  the  limb  is  thrown  into  a  sudden  state  of  rigid 
immol>ility.  Athetoid  movements  on  the  paralyzed  side  are  set  up 
by  any  voluntary  act  on  the  well  side.  These  athetoifl  motions 
begin  soon  after  the  onset  as  a  rule.  In  one  case  of  birth  palsy  they 
did  not  api>ear  until  the  fourth  year  and  increasetl  until  the  seventh 
year,  remaining  when  I  saw  the  child  at  the  age  of  twelve  years.  If 
the  athetoid  movements  affect  the  face  and  tongue,  giimaces  are 
constant  and  speech  is  interfered  with.  Athetosis  has  been  present 
in  30  per  cent,  of  my  cases.     (See  Fig.  194.) 

In  some  cases  the  athetosis  is  the  most  marked  s>Tnptom.  Thus 
in  the  cast*  of  a  ho\\  aged  eleven  years,  who  had  l>een  l>orn  asphyx- 
iateil  after  a  face  presentation,  and  was  revived  with  difficulty,  a 
peculiar  type  of  athetosis  had  been  prestnit  sitice  the  age  of  ten 
months.  The  motion  was  limited  to  the  left  side  antl  was  present  in 
the  face,  in  the  hand,  and  in  the  foot.  It  was  not  constant  in  this 
case,  nor  was  it  started  by  an  effort.  But  it  came  in  attacks,  twelve 
or  more  in  a  day,  each  lasting  several  minutes.  The  motion  was  a 
quick,  involuntary  athetoid  movement,  which  he  could  not  control. 
It  was  not  attended  by  a  loss  of  eonsciousneas,  or  by  a  sense  of  alarm, 
or  by  any  numbnc^ss.  He  had  no  paralysis  whatever,  no  nystagmus, 
no  (listurbanre  of  vision,  no  headaches,  and  was  bright  anil  active 
mentally.  The  attacks  were  first  noted  during  sleep,  but  as  he  grew 
older  liecame  more  frequent  in  the  daythne^  and  no  treatment  had 
any  effect  upon  them. 

In  another  case,  also  dating  from  birth,  the  athetosis  affected  the 
entire  body,  so  that  any  effort  was  attended  by  contortions  of  the 
face  and  by  peculiar  crowing  sounds  which  interfered  with  talking 
and  eating;  by  constant  violent  movements  of  the  arms  and  legs,  so 
that  no  voluntary  act  could  be  performed,  and  walking  was  im- 
possible. The  ho\',  at  the  age  of  ten  years,  was  perfectly  intelligent 
and  not  paralyzed,  but  was  in  a  constant  state  of  active  motion 
without  any  volitional  power.  It  was  impossible  for  him  to  sit 
upright  in  a  chair  or  to  stand.  He  could  only  lie  in  bed  supported 
by  pillows,  and  was  even  fed  with  difficulty.  The  athetosis  ceased 
during  sleep.     I  have  recently  seen  a  second  similar  case  equally 
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distressing  in  a  young  man,  aged  eighteen  years,  whose  entire  hfe  liad 
been  spent  in  bed. 

Choreic  movements  more  sudden,  rapid  and  violent  than  athetosis 
may  apijear  in  the  paralyzed  limbs  and  remain  as  a  jHTmanent 
symptom.  Such  a  coiitlition  was  noticed  in  twenty-one  of  n»y  two 
hundred  and  seventy-four  cases. 

In  one  of  my  cases  tliere  was  a  total  paralysis  of  the  tongue  with 
right  hemiplegia,  and  the  child  at  the  age  of  twelve  years  was  still 
imal>le  to  articulate.  Food  w^as  pushed  back  into  the  throat  by  the 
finger,  and  then  swallowed.  This  child  had  learned  to  read,  but  was 
weak  mentally  anil  epileptic. 


Fio.  228. 


FIO,  224, 


Murkeil  spastic  parap1egl&  ;  walking  or  i 
ing  alone  ImfxjiMilble.    (Dercnm,) 


Spft»ac  imimplegia;  crossed -legged 
proffreaiion.   (Dercom.) 


Aphasia  is  a  conunon  accompaniment  of  right  hemiplegia.  In  my 
274  patients,  130  bad  right  hemiplegia,  and  in  100  of  these  aphasia 
was  present.  It  is  usually  of  the  motor  tyjx\  The  children  under- 
stand what  is  said  to  them,  can  aetjuire  a  knowledge  of  the  names 
of  objects,  and  may  learn  to  read,  but  cannot  be  taught  to  talk,  or 
if  they  acquire  language,  do  so  very  slowly  and  imperfectly.  I  have 
known  children  of  the  age  of  twelve  years  to  talk  like  a  child  of  three 
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years.  There  is>  however,  as  a  rule^  gnuliuil  recovery  of  speech,  and 
it  seems  likely  that  in  these  cases  the  riglit  henns|}|iere  takes  tlie  place 
of  the  left  in  developing  this  function.  Tliis  h  often  aidal  by  train- 
ing the  cliild  to  write  witli  the  left  hand. 

Diplegia— Little's  Diaeaae.  In  many  cases  dating  from  birth  a  con- 
dition of  bilateral  i)aralysis  of  arms  and  legs^  or  of  the  legs  alone,  is 
found  as  soon  as  tlie  child  is  horn.  This  is  terme<l  dijjlegia.  It  be- 
comes more  apparent  after  the  first  few^  weeks  when  attempts  at 
%^oluntary  m4»tion  are  made.  It  is  attended  by  a  rigidity  of  the 
muscles  which  is  noticed  in  the  legs,  and  there  is  an  increa^se  of  the 
reflexes.  The  infant  may  have  difficulty  in  sucking  and  may  have 
to  be  fed  with  a  spoon. 

Diplegia  may  however  develop  slowly,  an<t  not  l>ecome  apparent  for 
some  months.  In  some  cases,  especially  after  the  infectious  diseases, 
it  may  not  appear  till  the  age  of  three  years.  In  these  cases  as  the 
baby  gi*ows  its  btxly  is  fouml  to  \ye  stilt,  especially  in  its  back  and 
legs,  the  latter  tending  to  be  adducted  and  extended.  This  is  noticed 
in  adjusting  the  diapers.  Later  when  attempts  at  walking  are  made 
the  adduction  and  inward  rotation  of  the  thighs  may  cause  an  over- 
lapping of  the  knees  and  feet,  there  may  develop  a  pointing  of  the 
toes  which  gradually  beconiesa  fixed  erjuino-varus,  so  tfiat  the  heels 
can  not  be  put  on  the  ground,  and  the  inability  of  the  child  to  balance 
becomes  more  noticeable.  Any  attempt  at  standing  increases  the 
stiffness  of  the  back  ami  legs.  Sometimes  the  hack  is  so  rigid  that 
the  child  cannot  sit  up  on  a  chair,  but  has  to  be  kept  in  a  lying  |josi- 
tion.  As  the  child  grows  the  crnidition  l>ecomes  more  noticeable, 
and  sometimes  the  child  is  bedridden  and  never  learns  ti*  walk.  In 
other  cases  the  child  acquires  a  spastic  gait  and  helps  it.self  by  its 
hands,  as  they  are  often  not  afl'ectefl,  and  so  is  able  to  get  about. 
Others  improve  slowly  but  steadily,  and  finally  walk  witliout  a  cane, 
but  stiffly. 

In  tlie  severe  cases  the  arms  are  rigidly  adducted  and  flexed,  ami 
the  hands  are  contractured  and  useless.  (See  Fig.  223,)  In  such  a 
conclition  athetoid  movements  are  universal.  The  tendon  reflexes 
are  always  exaggeratecb  the  muscles  of  the  limbs  are  poorly  devel- 
opetl,  but  tliere  are  no  bed-sores,  ami  there  is  no  loss  of  control  of  the 
sphincters.  There  are  no  sensory  symptoms.  These  children 
fretjuently  have  mental  defects,  anil  epilepsy  is  likely  to  develop. 

Strabismus  is  a  not  unconnnon  symptom,  and  tliffieulty  of  articu- 
lation, or  of  swallowing  may  be  pre.sc*nt.  Oppenheim  has  called 
attention  to  the  timidity  of  these  children  and  to  tlie  fact  that  sudden 
noises  cause  tliem  to  jump  or  even  throw  them  into  convulsions. 

In  a  few  of  my  cases  the  symptoms  have  been  exclusively  cere- 
bellar in  ty\n\  The  chihl  has  been  unable  to  sit  \i\i,  to  balance  itself 
on  its  feet,  or  to  learn  to  walk.  In  one  such  case  dating  from  birth, 
the  child  was  still  absolutely  helpless  at  the  age  of  nine  years, 
although  intelligent  and  not  ijaralyzed.  In  another  the  same  con- 
dition  was  present  at  the  age  of  five  years,  but  was  attended  by 
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feeble-riuruledness.  This  child  (lied  of  measles,  and  Fi^.  203  shows 
the  unilateral  atrophy  of  the  eerebt:*lhmi  found. 

In  many  of  the  cases  difficulty  in  learning  to  talk  lias  l)ecn  iiotteed, 
the  cliiM  acquires  words  slowly,  and  sometinies  rven  at  the  age  of  six 
years  is  unable  to  frame  a  sentence  or  to  s|}eak  clearly. 

Epiltpsj.  In  the  majority  of  eases  both  of  hemiplegia  and  of 
diplegia  epileptic  attacks  begin  soon  after  the  paralysis;  though 
sonit^times  the  interval  is  sevt^ral  months  or  even  several  years.  Two- 
thirds  of  the  cases  eventually  develop  epilepsy. 

The  fits  in  organic  epilepsy  are  niore  frequent  and  s<:*vere  than  in 
idioj>athic  epile])sy.  I  have  one  patient  who  has  had  a^s  many  a8 
twenty  convulsions  tiaily  for  weeks  at  a  time.  These  fits  do  not 
destroy  life,  but  of  course  render  life  a  liiirden.  They  are  different 
from  the  fits  of  idiopathic  ejalepsy  in  being  of  a  character  which 
infhcates  local  irritation  of  the  cerebral  cortex.  (See  page  422,) 
They  usually  begin  in  ora*  hanti  with  closure  of  the  fist,  or  i>rotuition 
of  the  hand,  attended  liy  a  sensation  of  tingling;  the  contraction  of 
the  mnscles  is  clonic  and  the  spasm  extends  up  to  the  elbow,  and 
finally  the  .•shoulder -joint  is  thrown  into  motion,  the  entire  arm  mov- 
ing in  the  convulsion.  The  spasm  then  extenrls  eitlier  to  the  neck  and 
face,  which  is  drawn  to  the  paralyzed  side,  or  it  spreads  down  the 
trunk  and  involves  the  leg,  which  shakes  or  is  violently  extended 
with  clonic  spa.snis  of  the  toes.  Such  a  spasm  may  last  for  a  few 
minutes,  ami  then  gra<!ually  cease,  lea\ing  the  nmscles  paralyzed 
and  the  side  mntib  for  several  hours.  Or  it  ma}^  extend  to  the  other 
side  of  the  bo<!Y,  in  which  case,  as  a  rule,  conscioustiess  is  lost  for 
some  minuteSj  the  patient  falls,  bites  the  tongue ,  froths  at  the 
mouth,  and  subsequent  to  the  attack  sleeps  heavily  for  an  hour  or 
more,  waking  dazed,  and  often  unable  to  talk  or  to  think  for  some 
hours.  In  many  cases  the  attack  begins  in  the  leg  and  extends  to 
arm  and  face.  In  other  cases  the  reverse  is  the  order  of  extension 
of  tlie  spasm;  the  point  of  greatest  irritation  in  the  cortex  being 
indicated  by  the  part  of  the  body  first  affected.  In  some  cases  head 
and  ey€*s  turn  tow-ard  the  paralyzed  side  at  the  begiiming  of  the  fit. 

In  otlier  cas*;*s  the  epileptic  attack  l)egins  with  s€*nsory  rather  than 
with  motor  symptoms,  the  initial  numbness  ami  tingling  always 
accompanies  and  may  precede  the  local  sj)asm.  But  sometimes  it  is 
a  visual  aura,  a  light,  or  color,  or  figure  seen,  wdth  whicli  the  attack 
begins.  In  other  cases  it  is  a  sound,  a  noise,  or  a  bell ,  or  a  voice  whicli 
is  heard.  In  other  cases  it  is  an  odor  or  a  taste  which  is  perceived, 
lu  all  these  conditions  a  local  spasm  or  a  general  convulsion  follows 
the  aura,  indicating  that  the  irritation  of  the  brain  wdiich  has  started 
in  a  sensory  area,  the  chief  scat  of  disease,  has  radiated  outward  and 
has  invaded  the  motor  centres.  (See  page  435. )  Mental  aunr  are  also 
observer  1,  consisting  of  a  dreamy  state,  a  sort  of  s^^cond  consciousness, 
when  the  mind  seems  to  watch  its  own  processes  without  being  able 
to  mcMlify  them.  The  mental  aura  may  be  a  sudden  fear,  or  fright, 
or  distress,  pleasant  ide:us  being  rarely  present,  though  not  unknown. 


544 


THE  CEREBRAL  ATROPHIES  OF  CHILDHOOD. 


Attacks  of  an  active  iiiaiiiucal  kind  or  of  double  consciousness  may 
occur  without  a  convulsion:  these  are  the  so-called  '* psychical 
epileptic  ecjuivalents''  of  an  attack. 

All  these  forms  of  attack  are  of  verj' great  interest,  as  they  indicate 
quit^  faithfully  the  area  of  brain  in  which  the  disea.se  is  located,  and 
form  the  guitle  to  tlie  surgeon  in  eases  which  are  open  to  operation. 

11.  Sjonptoms  of  Mental  Defects.  Tlie  secoiul  group  of  cases 
presents  nientid  defects  ratlier  tlian  physical  symptoms.  There 
may  be  an  entire  lack  of  mental  development  from  the  outset.  This 
is  termed  congenital  idiocy,  and  is  due  to  congenital  defects  of  the 
brain  or  to  some  arrest  of  growth  soon  after  birth.  There  may  be 
an  acquired  idiucjf,  from  some  disease  occurring  tluring  infancy  or 
childhood,  such  as  injur>'  of  the  brain  from  trauma^  or  after  convul- 
sions, or  due  to  some  of  the  infectious  diseases. 

A  maldevelopment  of  the  tliyroid  gland  leading  to  cretini.sm  and 
mental  weakness  is  not  attended  by  brain  lesion,  and  should  not  be 
cla,ssed  with  i^liocy. 

Idiots  are  wholly  lacking  in  the  power  of  acquiring  ideas  or  con- 
cepts, and  cannot  be  trained  to  keep  themselves  clean. 

If  the  degree  of  mental  defect  is  less  markeil  the  mental  state  is 
described  as  one  of  imbecihty.  An  imbecile  can  acquire  simple 
ideas,  can  recognize  persons  and  objects,  can  say  a  few  words,  but  is 
incapable  of  actjuiring  any  of  the  higher  conceptions  which  are  the 
basis  of  knowledge  and  of  conduct.  Imbeciles  are  usually  helpless 
if  left  alone,  antl  are  often  ugly  in  disposition,  tlestructive  ami  filthy. 
The  difference  between  an  idiot  and  an  imbecile  is  one  of  degree  only, 
and  no  sharp  line  can  be  drawn  between  them. 

There  are  other  patients  with  mental  defects,  of  a  higher  type  of 
minil  than  inibc^ciles,  but  nevertheless  abnormal.  These  are  cla^ssed 
as  weak-minded.  The  child  may  be  slow  in  learning  to  w^alk;  may 
seem  unable  to  fix  its  attention  upon  anything  continuously:  may  be 
exceedingly  active,  in  constant  motion — tlie  activity  Ijcing,  however, 
aimless;  may  throw  things  about,  or  tear  things  up,  or  put  every- 
thing into  its  mouth;  may  be  very  difficult  to  manage  because  of  its 
inability  to  retain  and  combine  impressions  with  sufficient  power  to 
reason  upon  them,  and  may  therefore  be  incapable  of  appreciating 
the  meaning  of  punishment,  if  tliis  l>e  inflicteil.  Such  children  may 
have  good  ]>owers  of  jjerception,  may  recognize  persons  and  objects, 
show  jileasure  at  Ijright  colors,  or  music,  or  caresses,  but  fail  to  show 
evidence  of  thought  in  the  sense  of  reasoning  power,  judgment,  or 
self-control.  Some  patients  constantly  drool  at  the  mouth,  cannot 
be  taught  cleanly  habits,  and  are  manifestly  imtiecile.  Other 
patients  are  (juite  bright  in  many  directions,  may  even  l>e  preco* 
cious,  .show  talents  in  miLsic,  or  drawing,  or  fondnf^s  for  mathe- 
matics, designing,  and  languages,  yet  are  apparently  unable  to 
appreciate  moral  ideas,  cannot  be  taught  to  t^U  the  truth,  are  cruel 
and  bad,  will  not  control  any  tjf  their  impulses,  and  .so  are  the  distress 
and  despair  of  parents  ami  teachers.     It  is  those  mental  qualities 
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whicli  an'  the  prrHliict  of  the  highest  evoiutinii  that  have  failed  to 
(le\Tl(»i>  in  this  ehiss  of  eases.  The  final  result  is  that  they  have 
to  l)e  taken  care  of  all  their  lives,  either  at  home  or  by  attendants, 
being  incapable  of  snpporting  themselves  or  directing  their 
conrkict.     Many  of  them  have  epilejisy. 

III.  Sensory  Defects.  The  third  group  of  cases  show  sensory 
defects,  nsnallylilindness  or  dc-afness,  although  a  loss  of  ta.ste  and 
smell  is  oeeasionally  obsen^d.  These  symptoms  are  likely  to 
escape  obsen'ation  until  the  child  reaches  the  age  of  two  or  three 
years.  Patients  belonging  to  this  class  may  present  no  motor  or 
mental  defects,  tliough  they  may  lie  the  subject  of  e[>ilepsy.  On 
several  occasions  I  have  been  eonsuUe<l  Ijy  parents  who  have 
brought  (children  to  me  suijjiosedly  the  subject.s  of  epilepsy  in 
whom  I  liave  detected  one  or  more  of  these  sensory  defects.  Thus, 
in  three  casf\s  a  condition  of  homonymous  hemianopsia  was  <^tiscov- 
ered  which  was  imdoubtedly  congenital,  each  child  having  grown  up 
without  any  appreciation  of  the  defect  of  vision.  In  all  of  these 
cases  there  wiis  a  corresponding  flattening  of  the  skull  over  the  occi- 
pital lobe,  anil  all  the  i>atients  were  sufTering  from  epilepsy.  Moeli* 
has  descriljed  three  such  cases  in  which  porencephalus  was  found 
in  the  occii>ital  lolH\anil  Ilcnschen*  and  Freund^  have  also  ob.'^ierved 
such  cases.  In  several  patients  whom  I  have  seen  total  blind- 
ness has  been  found.  It  is  not  always  easy  to  detennine  wliether 
this  is  due  to  a  primary  atrophy,  or  lack  of  development  in  the  optic 
nerve^  or  wlietlier  it  is  due  to  atrophy  of  the  occipital  convolutions. 
Both  conditions  have  been  found  po.st-niortem  in  many  eases.  If 
the  condition  is  due  to  atrophy  of  the  optic  neT\'e  an  ophthalmo- 
scopic examination  will  reveal  this  condition. 

There  are  other  cases  in  which  the  patients  are  deaf.  If  a  child 
has  never  heard,  f)r  lost  its  hearing  before  it  has  learned  to  talk,  it 
becomes  mute.  The  niajority  of  cases  of  deaf-mutism  are  un- 
doubtedly clue  to  lesions  in  the  ears  or  to  lesions  of  the  autlitory 
nerves  upon  the  base  u{  tlie  l>riurL  There  are  a  few  cases,  however, 
on  record  in  which  an  atrophy  of  tlu^  temporal  convolutions  has 
beeti  atten<led  liy  deafness. 

Loss  of  smell  and  taste  have  been  produced  by  atrophic  con- 
ditions of  the  uncinate  convolutions  upon  the  basc^  of  the  brain. 
These  are  usually  tracealiie  to  liasilar  meningitis.  They  very  often 
escape  obsf*rvation,  though  in  any  case  where  the  child  is  known  to 
put  all  sorts  of  objects  into  the  mouth  and  be  willing  to  eat  offensive 
things,  a  sus])icion  of  a  loss  of  taste  is  awakened. 

A  localized  atroj>hy  in  the  con\'nlutions  of  the  brain  may  also 
occur  from  disuse.  Thus,  in  a  number  of  cases  recorded  where 
patients  have  lost  the  sensc^  of  hearing  and  of  sight  in  early  life,  as, 
for  example,  from  basilar  meningitis,  cerebro-spinal  meniTigitis,  or 

*  Arciiiv.  fur  Psyrh.,  xxii,,  2, 

'  HfiiHi'beiJ.     Path.  tlfN  (luhirns,  ca««t}  32  litid  S.^. 

'  FreufiLt     Wieu,  uied.  Woeh.,  1S88,  Xo,  32, 
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lesions  of  the  ear^  or  eye,  tlie  function  of  the  corresponding  portion  of 
the  brain  has  not  been  awakened,  and  as  a  result  of  al:»solute  disuse 
an  atropliy  of  tliese  eonvolutions  has  been  diseovered  when  the 
patients  have  died  hite  in  hfe.  This  was  the  condition  fouml  in  the 
brain  of  Laura  Bridgnian,  the  temporal  and  occipital  convolutions 
being  rudimentary  in  size,  while  the  sensorimotor  eoovolutions 
about  the  fissurt^  of  Rfilando  were  enormously  (leve!oj>eih  This 
girl  lost  sight  and  hnaring  at  the  age  of  two  years  from  a  basilar 
meningitis,  but  developed  remarkaljle  powers  of  observation  through 
the  sense  of  touch;  and  of  expression  through  motor  action.  In  two 
other  cases  re[>orted  by  foreign  observers  the  same*  condition  lias 
been  found.  Henee  the  loealizeil  atrophy  due  to  failure  of  develop- 
ment in  limited  areas  of  the  lirain  after  disuse  of  the  corresjxinding 
organs  is  [proven  in  man  as  well  iis  established  liy  the  exi>eriments  of 
von  Gndileru 

Kpilej)sy  is  a  common  condition  in  thes**  cases  of  sensory  defect. 
The  attack  not  infreriuently  I>egins  by  an  aura  of  a  .si;*nr^i»ry  nature. 
It  may  be  limited  to  an  attack  of  j)etU  mat,  or  it  may  go  on  to  an 
attack  of  fp-and  }uaL  If  the  atrophy  of  the  brani  is  unilateral  the 
epileptic  attack  may  be  of  a  Jacksonian  nature. 

Prognosis.  The  prognosis  in  cerebral  atro|jhy  is  must  mifavor- 
able.  The  underlying  pathological  condition  is  [lermanent,  even 
though  it  is  not  progressive,  an*l  there  is  no  hoj^e  of  improvement  or 
of  recovery.  The  paralysis,  the  mental  defects,  and  the  sensory 
defects  cannot  jwssibly  l>e  relievT<L  The  efiilepsy  may  Ik*  held  in 
check  to  some  extent  by  the  use  of  bromides,  the  jiumlH*r  of  fii.s 
being  reduced,  their  severity  somewhat  mitigated.  But  they  can- 
not be  stopped. 

Treatment.  The  treatment  of  an  acute  attack  of  apojilexy  in 
childhood  ihivs  not  differ  in  any  way  from  tliat  occurring  in  the 
adult.  The  same  care  nmst  be  taken  in  fliagnosis,  and  the  same 
measures  adopted  as  in  tiie  conditions  of  hemorrhage  or  thrombosis 
already  considere*!. 

Tlie  treatment  of  the  contlitioo  of  infantile  paralysis  and  of  idiocy 
consists  in  rendering  the  life  of  thest*  jjatieiits  as  happy  and  com- 
fortable by  proper  surroundings  anrl  agreeable  attenvlants  as  possible. 
This  can  best  \ye  done  by  securing  for  them  a  country  honie  away 
from  excitement  and  away  from  the  family.  Parents  too  often 
expend  more  care^  attention,  and  money  upon  these  chronic  invalids 
than  upon  their  healthy  children  who  suffer  in  conse(]uence.  It 
should  be  made  clear  to  them  that  in  so  doing  they  accomjilish  little 
and  are  unjust  to  those  who  will  l>etter  repay  their  care.  Education 
b}'  those  who  are  skilled  in  the  training  of  the  weak-minded  aceorn- 
plishes  something,  and  is  to  be  recommended  if  parents  can  afford 
the  expense.  The  treatment  of  the  epileptic  condition  is  the  same 
as  that  of  ordinarj'  epilepsy  by  the  use  of  bromides;  but  in  thesis 
cases  the  effect  of  the  drug  soon  wears  off,  and  I  prefer  not  to  use 
any  mediciJ  treatment. 
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Surgical  Treatment.     When  a  patient  belonging  to  one  of   tlieee 

clinifal  types  i.s  prt^sented  to  the  neurologist  and  the  question  \% 
asked,  Can  surgical  treatment  benefit  him?  it  is  evident  that  a 
serious  problem  is  o|>ened.  In  these  eases  the  di^ase  is  at  a  stand- 
still and  does  not  threaten  life,  and  yet  is  hopeless  from  the  medical 
standpoint.  Surgicid  treatment  is  not  free  from  danger,  liut  if  it 
offers  any  relief  almost  any  risk  is  justitialile.  The  brain  is  still 
capable  of  great  development  in  infancy  and  youth.  Can  such 
development  be  aided  by  an  operation?  In  many  cases  the  epileptic 
attacks  are  of  such  frequent  occurrence  that  any  risk  might  well  be 
taken  if  the}^  could  be  surely  stopped. 

Any  solution  of  tiie  problem  of  operative  treatment  must  be  based 
upon  two  considt^ations:  first,  the  pathology  of  the  cases;  secondly, 
the  rt^sults  of  ex|>erience  when  such  operations  have  been  done. 

First,  from  the  records  of  the  pathology  already  given  in  343  cases 
it  is  evident  that  a  state  of  cerebral  atrophy  was  present  in  the  ma- 
jority which  nothing  could  remove,  and  it  is  apparent  that  many  of 
the  conditions  wtn^e  of  such  a  nature  as  to  be  wholly  unaffectefl  by  any 
operative  interference,  A  porencephalic  cavity  tilled  with  cereliro- 
spinal  fluicl  is  ntjt  likely  to  l>e  Ijenetited  by  any  enlargement  of 
the  intracranial  s[jace  or  by  the  abstraction  of  the  fluiiL  In  several 
cases  0{x*rate<l  uj>on  the  withdrawal  of  this  fluid  has  Ijeen  followed 
by  sudden  collai>se  ami  deatli.^  On  the  other  hand,  there  are  con- 
ditions, such  as  maldevelopment  of  the  cortex  witliout  gross  lesion, 
in  which  it  is  possil>le  that  anything  winch  may  stimulate  latent 
powers  of  growth,  or  may  remove  those  influences  which  interfere 
with  development,  might  result  in  improvement.  It  is  to  be  remem- 
bered that  the  brain  is  capable  of  growth  and  development  until  the 
age  of  fourteen  years,  if  not  longer,  and,  granting  that  a  stimulus  to 
its  growth  may  be  given  during  childhood,  the  arrest  of  develop- 
ment in  many  cases  might  perhaps  have  been  prevented.  And 
there  are  eases  of  cysts  lying  upon  the  cortex  whose  removal  may 
relieve  i>ressure  and  allow  a  jiroper  grow^th. 

The  stuily  of  the  pathological  conditions,  therefore,  does  not  abso- 
lutely contraindicate  operative  interference,  although  it  makes  it 
clear  that  the  lesion  in  the  majority  of  the  cases  is  one  that  cannot 
be  improved  by  aiiy  means.  If  %ve  admit  that  porencephalus, 
atrophy  from  vascular  lesion,  meningo-encejihalitis,  ami  hydro- 
cephalus are  incurable,  and  that  hemorrhages  cannot  be  diagnosed 
early  enough  to  warrant  the  removal  of  the  clot  before  it  has  caused 
atrophy  from  pressure,  we  have  193  cases  out  of  343  in  which  oper- 
ation would  have  been  futile.  This  leaves  150  cases  of  sclerotic 
atrophy,  maldevelopment  of  the  cortex,  and  cysts,  in  which  it  is 
barely  possible  that  an  operation,  if  it  relieved  pressure  or  stimu- 
lated brain  growth  might  have  lunl  some  effect.     It  is  unfortunate 


'  Cases  of  Bullaril     Boston  M-'dical  and  Surpical  Journal,  Februiuy  16,  188S,     Ham- 
moad,  New  York  Mvdiewi  Juuriml,  August  \2,  189l>.     One  of  tiiy  own. 
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that  we  cannot  make  an  exact  pathological  diagnosis  from  the 
clinical  symptoms.  Therefore,  one  cannot  atfiriii  that  in  any  par- 
ticular case  a  removable  cyst  is  present  or  a  condition  of  pressure 
which  may  l^e  relievecL  The  operation  iimst  in  all  cases,  therefore, 
be  exploratorj^,  and  this  should  always  be  un<lerstood  by  all  con- 
cerne*!. 

There  is  on<*  further  fact  which  requires  a  word  of  explanation* 
In  many  of  these  cases  inspection  show^s  a  very  decided  irregularity 
of  the  skulK  It  has  been  thought  by  some  observers,  especially 
Lannelongue,  in  France,  that  an  early  closure  of  the  sutures  and 
fontanelles  in  infancy  may  prevent  a  |:jroper  exjiaiision  of  the  skull ^ 
and  thus  produce  a  pressure  on  the  brain,  preventing  its  growth. 
These  authors  regar^l  the  atrophy  as  secondary  to  compression.  This 
view  I  consider  erroneous.  The  skull  does  not  unite  as  long  as  there 
is  any  pressure  within  it.  It  is  the  cerebral  defect  due  t(j  ilisease  which 
prevents  the  brain  from  developing  and  anests  its  normal  growth 
and  internal  pressure.  The  bones  close  Ijecause  the  natural  expan- 
sion has  ceased,  Tlie  skull  does  not  cause  pressure  on  the  brain. 
This  is  evident  in  cases  operated  upon,  for  no  signs  of  compression 
of  the  brain  have  been  found  in  these  cases.  The  theury,  therefore, 
upon  which  operations  of  craniectomy  have  been  done  is  not  borne 
out  by  the  facts. 

Secf>n<lly.  The  results  of  experience  of  surgeons  in  (he  treatment 
of  these  ciises  by  op(i*ation  has  not  Irw^en  very  favorable. 

The  operation  of  craniectomy  has  been  done  by  many  surgeons 
during  the  past  few  years,  and  the  results  have  been  reported  by 
several  of  them,  notably  by  Lannelongue,  Keen,  BuUard,  Oppen- 
heim,  Frank,  Hanunond,  Ilorsley,  Agnew,  and  McBurney.  Many 
other  o|KTators  have  rei>orted  single  cases,  anil  niy  own  experience 
in  connection  with  McBurney  is  extensive.* 

Lannelongue  reported,  in  1891,  that  he  hatl  ojjerated  on  25 
patients,  chiefly  microcephalic  or  epileptic  children,  with  but  one 
fatal  result,  and  that  then*  w^as  an  imiirovenuiit  in  many  cases, 
Lanneloiigue's  operation  is  to  nuike  a  long,  curved  incision  tlirough 
the  scalj)  ami  skull  from  the  temporal  ridge  backward  for  six  to  ten 
inches,  and  crack  the  side  of  the  skull  outward,  leaving  an  interspace 
of  an  inch  or  more  in  w^idth  which  fills  up  with  fibrous  connective 
tissue.  Thus  he  relieves  the  supposed  compression  of  the  brain. 
It  is  unfortunate  that  thesp  cases  were  rejjorted  soon  after  the  opera- 
tion, so  that,  although  the  surgical  result  vcm  not  fatal,  we  know 
nothing  of  the  eflfects  of  the  op^'ration  on  their  brain  develoj>ment. 
In  a  recent  article  by  one  of  Larmelongue's  assistants  the  intimation 
is  given  that  little  was  accomijlished. 

In  my  own  collection  of  cases,  50  in  numljer,  including  15  in 
my  own  experience,  the  result  cannot  be  said  to  Ik*  very  encouraging. 


*  For  an  ntmlyi^i'*  of  tht'n«»  op«nitiouii 
Hrain  Surgery,  CJti&ptvr  III. 


Uie  MettjcftJ  H<*coni,  Jiufuary  2a,   1892. 
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Of  50  ea.^s  16  died  during  or  soon  after  the  operation.  Death 
was  due  in  11  eases  to  shock  from  sudiien  evaeuation  of  fluid 
fmni  fi  lar^e  eavity  in  the  braiti.  Thus^  in  one  case  ofXTated  upon 
for  me  by  MeBurney,  in  wliich  the  child,  a  girl  of  eleven  years,  pre- 
sented only  ashght  degree  of  right  heuiiplegia,  with  severe  attacks 
of  heniiepilepsy  and  no  imbecility  or  ajjhasia,  the  entire  left  frontal 
lobe  was  deficient,  its  place  Ijeing  occupied  Ijy  a  cyst.  The  exposure* 
of  this  on  opening  the  dura  was  attended  by  iaeeration  of  its  wall,  as 
it  was  adherent  to  the  dura,  and  the  flow  of  s^^rous  contents  was 
followed  by  immediate  collapse  and  death.  In  10  cases  reporteil 
by  otliers  a  similar  result  occurred.  In  some  cases  death  has  been 
due  to  excessive  hemon^hage  from  large  brittle  veins  in  the  pia  or  in 
the  walls  of  a  porencephalic  cavity.  Here  ligature  was  impossible, 
and  compression  equally  so.  In  some  cases  death  has  been  due  to 
exhaustion  following  tlie  operation,  which  has  necessarily  been  long. 
It  is  evident,  therefore,  that  these  oijcrations  are  much  more  dan- 
gerous than  the  ordinary  operation  for  tre|)hining,  because  of  the 
existence  of  pathological  conditions  which  cannot  l>e  foreseen  or 
provided  against. 

In  the  thirty-four  patients  who  have  survived  the  operation  a 
certain  amcamt  of  improvement  has  been  reported  in  twenty-five, 
anti  in  nhie  no  api>arent  result  wa;^  noticed.  The  improvement  has 
consisted  in  a  relief  of  the  paralysis,  but  not  in  its  disappearance;  a 
marked  relief  from  the  athetoid  movements,  but  no  cessation;  an 
improvement  in  the  gait ;  an  improvement  in  the  mental  capacity, 
and  a  change  from  imbecility  to  a  condition  of  weak-minde<lness,  but 
no  eomjilete  recovery  or  nonua!  ilevelopment  of  the  mind ;  a  diminu» 
tion  in  the  frequency  and  a  mitigation  in  the  severity  of  the  epileptic 
attacks^  but  no  absolute  cure. 

In  several  of  my  own  cases  nothing  abnormal  has  been  fountl  in 
the  brain  at  the  operation,  and  it  has  been  sui^posed  that  the  lesion 
was  of  a  microscopic  character.  In  two  of  these  eases  the  subse- 
quent history  has  shown  eonsiilerable  improvement, w^hich  must  have 
been  wholly  independent  of  the  o^jeration,  and  awakens  the  sus- 
picion that  such  improvement  of  a  spontaneous  kind  may  have  been 
erroneously  aserilx**!  to  the  operation  by  partial  observers. 

In  three  of  my  cases  a  thin  organized  blood  clot  containing  fine 
connective-tissue  filaments  adherent  to  the  dura  in  one  case  and  to 
the  brain  and  cortex  in  two  ca.ses  was  discovered.  It  was  possible 
to  sponge  and  scrape  away  this  clot  in  all  these  cases,  though  some 
hemorrhage  followed  from  the  rupture  of  the  new  capillaries  in  the 
organized  mass.  These  were  all  cases  of  several  years'  duration, 
hence  the  clot  w^as  not  recent  in  any.  In  all  these  casc\s  there  was  an 
apparent  marked  im]jrovement.  In  a  nyml>er  of  my  cases  cysts 
have  been  found — sometimes  lying  on  the  cortex^  in  the  pia,  and 
causing  a  depression  of  the  cortex;  in  other  eases  within  the  brain, 
being  in  part  covered  by  the  cortex;  in  some  cases  deej)  in  the  white 
matter,  being  discovered  only  by  the  exploratory  needle.     It  has 
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usually  l)een  possible  to  remove  these  cysts,  the  wfills  licing  carefully 
(lisscTted  away  without  rupture.  It  was  found  that  if  they  were 
merely  evaeuated  the  Huitl  soon  returned,  and  a  seeond  oj^eration 
was  necessary.  This  occurred  in  two  cases.  When  the  cyst  lay 
deep  in  the  white  matter  and  could  only  be  discovered  by  puncture 
it  has  not  been  always  possible  to  remove  the  wall,  and  in  these  cai?e3 
they  probably  refilled,  as  no  improvement  followed.  The  best  result 
has  been  obtained  in  the  cases  where  a  cyst  could  be  removed  as  a 
whole.  Ill  one  case  a  cystic  mass  exactly  like  hfnieycomb  occupied 
the  entire  lower  twcnthirds  of  the  anterior  central  convolution,  and 
could  not  be  removed  entirely. 

In  some  cases  thick,  firm,  connective-tissue  scars,  or  porous  bands 
have  been  found  in  the  cortex,  in  one  case  as  firm  as  cartilage,  in 
another  case  calcified  in  part.  These  w^ere  probably  the  result  of 
hemorrhages  or  of  aii  area  of  softening.  Their  removal  w^as  attended 
by  severe  hemorrhage,  in  one  case  making  it  necessar>'  to  postpone 
twice  a  completion  of  the  operation.  In  neither  of  these  cases  w^ere 
the  mental  sjToptoms  and  epilepsy  for  which  the  operation  was 
undertaken  at  all  improved. 

This  experience  leads  me  to  be  very  cautious  about  urging  an 
operation  in  this  class  of  cases.  The  dangers  are  many.  The 
prospect  of  relief  is  very  smalL  Cure  cannot  be  promised.  Im- 
provement in  a  small  proportion  of  the  causes  only  is  the  best  result 
whicli  can  be  expected. 


CHAPTER    XXVIII, 


ENCEPHALITIS. 


Acute   HeiiiorrhHgie   Cortical   ErtcephftliliB.     Polic»-encephalitw   Superior  and  Inferior. 

Cert^bellar  Eji cephalitis. 

Etiology.  That  an  acute  inflammation  of  the  brain  may  occur  as 
an  iiulepeiuleiit  affection  has  been  established  by  iStrum(>ell,  Leich- 
tenstein»  ant!  0|>{>enheim,  It  is  probably  an  acute  infectious  dis- 
ease, as  it  has  all  the  characteristic  signs  of  one.  It  has  been  known 
to  occur  in  the  course  of  scarlet  fever,  measles,  influenza,  pneu- 
monia, erysi|>elas,  whooping*cou|ch,  mumps,  tliphtheria,  ulcerative 
endocarditis,  otitis  media,  and  septicaemia.  It  is  not  necessarily 
accompanied  by  purulent  meningitis,  though  it  may  l>e.  In  most  of 
these  conditions  the  characteristic  organism  of  the  original  disease 
has  been  found  in  the  foci  of  inflammation  in  the  brain.  Ptoraaine 
poisoning  has  been  ascribed  as  a  cause,  also  alcoholism  and  poisoning 
by  carbon  diiLxide.  It  is  still  a  matter  of  disput-e  whether  an  injury 
of  the  head  not  attended  by  fracture  or  meningitis  can  set  up  an 
acute  inflammation  of  the  brain.  Bruises  in  soft  tissues  are  rarely 
followed  by  inflammation,  but  may  predispose  an  organ  to  the  inva- 
sion of  bacteria.  I  have  seen  abscess  to  occiu*  mitler  these  conditions^ 
and  believe  it  to  have  resulted  from  such  an  inflammation.  The 
disease  occms  chiefly  in  children  and  young  people,  but  may  develop 
in  adults. 

Varieties.  The  inflamraatorj^  process  is  usually  limited  in  its 
extent  in  the  brain,  and  is  not  diffuse.  It  is  sometimes  only  to  be 
fomid  by  microscopic  investigation.  It  is  sometimes  wholly  within 
the  domain  of  one  arterial  branch.  In  other  cases  it  has  l>een  known 
to  affect  synmietrical  parts  of  both  hemispheres,  and  in  a  few  cases 
disseminated  foci  of  inflammation  have  bt»en  foumL  The  inflam- 
mation may  be  found  in  both  gray  and  white  matter,  and  is  not 
limited  to  either.  It  may  affect  any  part  of  the  brain.  A  number 
of  different  forms  have  been  described,  depending  upon  the  location. 

Thus,  Striimpeirs  first  cases  were  chiefly  cortical  in  the  motor 
area,  and  were  called  acute  infantile  cerebral  palsy,  or  acute  hemor- 
rhagic cortical  encephalitis.  Later  this  condition  was  found  to 
occur  in  adults. 

In  the  cases  collected  l)y  Wernicke  and  nameii  by  him  polio- 
encephalitis suj>erior  the  lesion  w^as  located  in  the  gray  matter 
lining  the  aqueduct  of  Sylvius.  These  cases  are  not  different  from 
acute  oi>hthalmoplegia. 


652 


ENCEPHALITIS. 


There  is  a  form  limited  to  the  uuelei  of  the  motor  cranial  nerves  of 
the  tongue  and  face,  termed  polio-enee|}halitis  inferior,  or  acute 
bulbar  paralysis,  and  causing  all  the  symptoms  of  ehronic  bulbar 
paralysis  (Chapter  XXXIIL),  but  with  acute  onset  anrl  rapiil  cuunse. 

La.stly,  a  form  limited  to  the  cerebellum  has  also  been  described  as 
a  separate  disease. 

Pathology.  The  lesion  in  all  these  cases  is  the  same,  and  the 
difFerence  in  tlie  synqjtnms  is  de[>enilent  entirely  upon  the  different 
functions  of  the  parts  of  the  brain  affected.  Such  a  multiplication 
of  diseases  is  an  unfortunate  weakness  of  authors  who  lack  the 
generalizing  faculty.  The  disease  has  its  exact  homologue  in  acute 
anterior  poliomyelitis,  and  tlie  changes  present  are  tlie  same.  The 
two  diseases  have  l)een  known  to  occur  together.  The  changes 
found  in  these  cases  in  the  acute  stage  are  (1)  an  acute  hyperainia 
with  distention  of  the  bloodvessels,  rupture  of  their  walls,  capillary 
hemorrhages  in  the  tissues^  and  an  emigration  of  leucocytes  ami 
small  cells,  (2)  \'ariouj3  stages  and  degrees  of  degeneration  of  the 
neurones,  both  cell  IkuIv,  axones,  and  dendrites  Ijeing  affected,  with 
suljsefjuent  secondary  changes  of  wide  extent.  The  exact  micro- 
scopic changes  ai'e  identical  with  those  already  described  in  the 
cha[>ter  on  anterior  [>olioniyelitis,  but  are  located  in  the  cortex  or 
bulbar  nuclei. 

After  an  acute  stage  the  hyi^era^mia  subsides,  the  clots  or  ilif- 
fusely  infiltrateil  red  blood  cells  may  be  absorbed,  and  if  the  degen- 
eration of  neurones  has  not  led  to  the  f  lest  ruction  of  a  large  number 
controlling  any  sfjecial  function  a  gradual  recovery  ensues  and  no 
trace  is  left.  In  this  respect  the  disease  resemljles  anterior  polio- 
myelitis, where  recovery  in  many  of  the  muscles  at  first  paralyzed  is 
the  rule.  But  if  a  number  of  neurones  in  any  system  are  destroyed 
there  are  permanent  symptoms  remaining  whose  character  rlepends 
i»n  the  function  of  I  lie  neurones  affected.  Thus,  if  the  frontal  lobes 
are  affected,  indiecility  results.  If  the  motor  cortex  is  <lestroved  a 
state  of  hemijilegia  remains.  If  the  ocular  motor  nuclei  are  affected 
Ftrabisnuis  and  paralysis  of  ocular  movement  results.  If  the  facial 
and  lingual  nuclei  are  paralyzeil  some  defect  in  sfieech,  swallowing, 
and  facial  exjiression  remains.  If  tlie  cerel>ellum  is  affected  a  i>er- 
manent  defect  of  co-ordination  and  of  gait  ensuc^s.  If  the  cord  is 
affected  with  the  brain^  some  type  of  poliomyelitis  attends  the 
ence])halitis. 

The  iKTmanent  result  of  the  pathological  process  is  the  formation 
of  small  or  largc^  areas  of  sclerotic  tissue  or  of  small  cysts.  The  glia 
cells  are  nmlti|>lied,  connective-tissue  elements  are  increased,  and 
a  small  patch  of  sclerosis  or  a  state  of  sclerotic  atro|>hy  of  an  entire 
lobe  of  the  ht'inispliere,  or  any  ilegree  between  these  extrenies,  may 
be  left  as  a  fH^nnanent  condition.  Thus,  disseminated  encephalitis 
of  infectious  origin  is  the  starting  point  of  many  cases  of  so-called 
multiple  sclerosis.  It  is  not  impossible  that,  as  thne  goes  on  or  as 
other  infections  occur  these  sclerotic  patches  may  extend,  but,  as  a 
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rule,   they  are  latent.     These  paHiologiral   changes  in   the  brain 
when  on  the  ^urfaee  are  often  attended  by  the  lesiorL*  of  meningitis 
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lence, 
nienilnanes  to  the  cortex  is  frequently  found,  in  a  few  fatal  cases  of 
recent  origin  thrombosis  of  the  venous  sinases  has  been  obser\"ed. 
Tlie  occurrence  of  leucocytosis  dimng  life  will  distinguish  this  class 
of  cases  from  those  due  to  vascular  lesions  only, 

Sj^nptoms,  T!ie  symi>toms  of  encephalitis  may  be  divided  into 
two  classes:  first  the  general  symptoms  of  the  infectious  diseas*.^,  and 
secondly  the  local  symjitoms  of  the  |>articular  region  of  the  brain 
afTected. 

The  general  symptoms  develop  acutely.  After  a  day  or  two  of 
indefinite  feelings  of  malaise,  attended  by  vertigo  and  headache,  and 
in  children  by  extreme  fretfulness,  there  is  a  suilden  chilb  attended 
sometimes  by  %'Oiniting  and  Iw  a  convulsion,  followed  by  a  state  of 
stupor  or  conui.  The  tenij)erature  rises  ra!>itlly  to  l(}2°  or  104*^  F., 
the  pulse  is  rapitt  but  regular,  the  respiration  normal,  rarely  of  the 
Cheyne-Stokcs  type.  In  the  state  of  stupor  there  is  restl(\ssness  and 
delirium.  This  stupor  may  deei^en  into  a  coma  whieli  may  never  be 
recovered  fronu  If  the  patient  does  not  die*  in  the  coma  he  gradually 
recovers  consciousness,  but  delirium  and  even  acute  maniacal  excite- 
ment are  not  unconnnon  for  a  week  or  more,  ami  ha^^e  Ijeen  known  to 
eontiiHie  with  fever  for  twenty  days.  The  recovery  of  consciousness 
is  slow,  and  the  mind  is  not  clear  for  some  days.  The  fever  subsides 
by  remissions  in  the  morning,  and  its  attendant  symptoms  of  general 
constitutional  disturbance  gradually  pass  away.  Leucocytosis  is 
observed  throughout.  A  day  or  two  after  the  onset  some  local 
symptoms  become  evident,and  then  the  tliagnosis  of  hemii>legia,or  of 
ophthalmoplegia,  or  of  bulbar  palsy,  may  l>e  made. 

The  local  synij>toms  in  the  first  type  of  case  an^  aphasia,  or  hemi- 
|)legia,  or  monoplegia,  and  thes<^  are  not  infreiiuently  combined  at 
the  outset.  The  aj)hasia,  as  a  rule.  i)asses  away,  but  some  degree 
of  hemiplegia  or  monoplegia  remains.  Thus,  in  one  of  my  patients, 
while  total  aphasia  and  right  liemiplegia  occurred  at  the  onset,  a 
|>aralysis  witli  athetosis  of  tlie  right  arm  was  the  only  permanent 
syTUptom.  In  another  case  which  develo|)e(l  suddenly  during  con- 
valescence from  cerebro-spinal  meningitis,  a  left  hemiplegia  with 
mental  weakness  remains. 

In  another  type  of  case  the  local  symptoms  may  be  sensory  rather 
than  motor,  some  form  of  word-blindness  or  wordHleafness  l:^eing  a 
permanent  result,  or  liemianoijsia,  as  in  a  case  of  Furbringer.  It  is 
|>robable  that  this  is  the  origin  of  deaf-mutism  in  some  cases. 

In  other  cases  a  state  of  imljecility  develops,  and  the  child 
naturally  born,  and  bright  before  the  attack,  grows  up  deficient  in 
intelligence  and  in  the  higher  powers  of  the  mind. 

In  some  rare  cases,  as  in  one  of  my  own,  the  local  symptoms 
point  to  the  cerebellum  as  the  site  of  the  inflanunation.  A  child  of 
three  years,  able  to  walk  ami  feed  itself,  was  left  after  such  an  acute 
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attack,  which  came  on  niter  mca^sle^?,  with  a  great  ilfgree  of  ataxia  in 
the  hands  and  an  inabihty  to  liahmce  itself  on  its  feet^  to  stand  or  to 
walk  or  to  sit  up  without  the  aid  of  its  hiinds.  In  one  such  ease  of 
Bet  he  cerebellar  lesions  were  found. 

In  all  these  types  of  cases  epilepsy  of  the  cortical  variety  is  a  com- 
mon sequt'b  and  may  be  tlie  only  permanent  symptom  remainiBg.  It 
is  my  belief  that  many  cases  of  so-called  idiopathic  epilepsy,  esjje- 
cially  those  that  are  characterized  by  a  uniform  sensory  or  motor 
aura,  originate  m  acute  encephalitis  during  infancy  or  childhood. 

In  aruttlier  type  of  cases  (polio^neephalitis  superior  of  Wernicke) 
tlie  local  symptoms  are  confitaxi  to  the  eye  inuseles;  there  is  ptosis  of 
one  or  both  eyes ;  the  eyeballs  cannot  be  moved  voluntarily  together; 
there  is  some  form  of  strabismus :  there  is  nystagmus,  and  in  a  few^ 
cases  optic  neuritis  has  been  observed.  There  is  always  intense 
vertigo  with  this  condition,  and  hence  a  staggering  gait  is  sometimes 
noticed,  I  have  seen  but  one  such  case.  The  patient  was  a  physi- 
cian, and  recovered  entirely  within  a  year.  Weakness,  tremor,  and 
ataxia  of  the  limbs,  facial  paralysis,  difficulty  in  spwch  and  in 
swallowing  have  occurred  in  the  severer  cases.  In  a< hilts,  es|x^cially 
in  jiatients  who  are  alcoholics,  this  type  is  more  common  than  the 
hemiplegic  tyix*.  It  may  develop  with  few  constitutional  syni|>tonis 
and  even  without  fever*  In  this  respect  it  resembles  acute  anterior 
pohomyelitis  in  adults. 

In  still  another  group  of  cases  the  local  symjjtoois  are  those  of  an 
acute  bulbar  palsy.  Six^ech,  swallowing,  and  respiration  are  affected, 
the  various  characteristic  signs  of  glosso-labio-laryngeal  paralysis 
appear  sinmltaneously,  ami  in  these  cases  a  fatal  result  is  more  com- 
mon than  recovery.  These  have  been  termed  [jolio-encephalitis 
inferior.  But  tln^  lesion  is  not  always  limited  to  the  gray  matter  of 
the  pons  and  medulla,  and  when  it  extends  to  the  tracts  passing 
through  them  the  symptoms  may  be  widespread.  Thus  various 
fonns  of  alternating  hemiplegia  and  hemianEesthesia  or  general 
paralysis  may  be  the  result. 

The  coml>ination  of  cerebral  with  spinal  symptoms  has  already 
been  mentioned. 

The  course  of  the  case  in  all  these  various  types  is  usually  one  of 
gradual  iinproveraent,  and  a  fund  rfn^overy  with  a  few  local  symj)- 
toms  remain.  Such  are  monoplegia,  s*^nsory  defects  in  the  visual 
field,  paralysis  of  one  or  two  ocular  muscles,  or  epilepsj\  In  some 
cases  all  the  local  symptoms  tlisapiiear,  and  then  it  is  evident  that 
few  neurones  were  actually  destroyed  by  the  inflannnation.  In 
other  ca.ses  a  most  irregular  combination  of  symptoms  such  as  nys- 
tagmus, defective  articulation,  tremor,  and  ,some  form  uf  paralysis, 
remains,  and  the  terminal  state  Is  identical  with  that  of  multiple 
sclerosis. 

Prognosis.  The  prognosis  during  the  acute  onset  must  be  guarded, 
as  death  sometimes  occurs.  It  will  rlepend  upon  the  severity  of  the 
symptoms,  especially  on  the  occurrence  of  convulsions  and  Ujjon  the 
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depth  of  the  coma,  the  degree  of  temperature,  the  condition  of  the 
pulse  and  respiration,  and  the  power  of  the  individual  to  combat  an 
acute  infection.  The  prognosis  after  the  acute  stage  has  passed  is 
favorable  for  recovery,  and  even  serious  local  symptoms  may  pass 
away.  The  prognosis  is  better  than  in  cerebral  hemorrhage,  embol- 
ism or  thrombosis,  as  the  focus  of  disease  is  usually  smaller  and  there 
is  not  such  a  gross  lesion.  Recurrence  of  the  disease  has  been  seen  in 
three  cases  only  (Dinken,  Wiener,  and  Oppenheim). 

Treatment.  The  treatment  divides  itself  into  the  care  of  the 
patient  during  the  acute  stage  and  the  treatment  of  local  symp- 
toms later.  At  the  outset  purgatives  may  be  given  and  ice  applied 
to  the  head,  and  antipyretics  may  be  used  freely,  antipyrine,  quinine, 
salicin.  Leeches  to  the  mastoid  region  are  to  be  applied  excepting 
in  very  anaemic  persons,  and  may  be  repeated  daily  during  the  febrile 
stage.  Hot  baths  with  mustard  may  be  given  to  children,  and  hot 
foot  baths  to  adults.  When  the  stage  of  onset  is  over  the  various 
local  symptoms  are  to  be  treated  in  the  same  manner  as  if  the  case 
were  one  of  apoplexy,  or  of  ophthalmoplegia,  or  of  bulbar  palsy,  or  of 
infantile  spinal  paralysis. 
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Pare53;is  or  (leiiipntia  paralytica  is  a  cliffyse  rlt^gonerativr  rlisea,se  of 
the  cerebral  cortex  eluiracterized  by  riiental,  motor,  sensory,  and 
vasomotor  symptoms,  of  progressive  course  and  fatal  ending. 

Etiology.  Males  are  much  more  liable  to  paresis  than  females. 
It  is  a  disease  of  early  adult  life,  the  majority  of  cases  developing 
between  the  ages  of  thirty  and  forty-five  years;  but  no  age  is  exempt, 
as  cases  have  been  reportetl  both  in  childhood  and  in  old  age.  Mott* 
has  recently  reported  22  cases  of  Juvenile  general  paresis,  and  has 
collected  75  other  cases.  It  is  evident,  therefore,  that  the  iliseiuse 
may  develop  in  children.  In  the  majority  of  these  casi^s  hereditary 
syphilis  was  found  to  be  tlie  cause.  It  Is  a  post-sj^ihilitic  disease  in 
about  60  |)er  cent,  of  the  casi»s,  though  statistics  gathered  from  54 
different  authorities  by  Mott'  gave  a  varying  percentage  from  11  per 
cent,  to  94  per  cent.  But,  as  in  locomotor  ataxia,  it  is  not  due  to  an 
active  syphilitic  |>rocess,  since  the  pathological  lesions  are  not  pecu- 
liarly sy|>hihtic,  and  it  is  not  arrested  by  antisy|>hilitic  treatment* 
The  interval  l)etween  the  syphilitic  infection  and  the  onset  of  paresis 
is  usually  a  considerai>le  one — from  five  to  fifteen  years.  Mental 
strain  and  anxiety  are  the  chief  exciting  causers  of  the  disease.  The 
tremenilous  efforts  to  altain  financial  and  social  success,  the  enor- 
mous responsibilities  undertaken  by  ambitious  men,  the  effort  to 
carry  through  large  projects,  and  the  ceiiseless  work  day  and  night, 
with  no  rest  and  little  sleep,  which  are  characteristic  of  the  present 
time  in  our  large  cities,  are  tlie  chief  factors  hi  the  rajjiil  increase  in 
the  number  of  cases  of  paresis.  It  is  admitted  by  all  that  it  Ls  a 
disease  of  the  more  highly  civilized,  the  more  mentally  active  tyjje 
of  men.  Hence,  the  higher  cla^sses  are  more  liable  than  the  lower, 
and  those  who  lead  an  agricultural  life  arc  almast  exempt.  Peterson 
states  that  in  Egypt  the  disease  is  very  rare,  though  syphilis  is 
prevalent  there.  The  Mohammedans  do  not  use  alcohol.  Alcoholism 
and  excess  in  sexual  indulgence  are  certainly  additional  factors  in 
its  production.  A  certain  number  of  cases  seem  to  t>e  traceable  to 
injuries  of  the  head  and  to  sunstroke. 

Pathology.  The  disease  begins  with  changes  in  the  vessels, 
hy|)eraiiiia  of  the  pia  and  small  cortical  vessels,  increase  of  nuclei 
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io  the  vrs^^ol  vvalls,  opcasioTial  stasis  in  the  capillaries,  ami  exiula- 
tion  of  serum  into  tlie  lynnih  spaces.  As  it  advanef^s,  a  formation  of 
fusiform  ililatations  of  the  vessels  and  the  development  of  fibriis  of 
connective  tissue  between  the  vessel  walls  and  the  surrounding  neu- 
roglia occur.  In  the  neuroglia  at  the  same  time  a  marked  increase 
of  the  nucleated  cells,  with  numerous  branching  jjrocesses  is  in 
progress,  munerous  spider  cells  developing  throughout  the  cortex, 
around  the  vessels  and  lymi>li  spaces,  and  about  the  nerve  cells. 
This  increase  of  neuroglia  goes  on  rapidly,  producing  a  li  iff  use 
sclerosis  of  the  cortex,  which  is  followed  by  retraction  of  the  tissue 
leading  to  atrophic  shrinking.  The  entire  brain  takes  part  to  a 
lesser  degree  in  this  process.  In  the  cerebral  tissue  at  tlie  same 
time  there  is  in  progress  a  degeneration  of  the  finest  nen^e  filirilUe 
and  of  the  brandling  processes  of  the  ner\*e  cells.  This  begins  in  the 
tangential  fibres  of  the  first  layer  of  the  cortex,  but  later  involves  all 
the  layers  of  cells.  A  swelling,  chromatolysis,  with  hyaline  or  fatty 
degeneration,  vacuolization,  pigmenlation,  and  final  atrophy  of  the 
cell  bo4iies  takes  place.  The  formation  of  cystic  cavities  throughout 
both  gray  and  white  matter  is  often  observed. 

Mott,^  whose  investigations  are  most  reliable,  believes  that  the 
starting  point  of  paresis  is  a  degeneration  in  tlie  neurones  of  the 
cortex.  This  is  attended  by  the  production  of  choline  (s<:*e  pjige  28) 
w^hich  can  be  found  in  the  cerebro-spinal  fluid  in  paretics.  Choline 
is  a  toxic  substance  causing  a  depression  of  the  heart  and  a  lowering 
of  arterial  pressin^e.  Mott  believes  that  its  prt\sence  causes  a  venous 
stasis  in  the  veins  of  the  brain,  eypecially  those  of  the  convexity 
ofKuiing  into  the  longituflinal  sinu^s,  in  which  the  blood  flows  con- 
trary to  gravity.  (See  Fig.  207.  page  486.)  He  points  out  the  fact 
that  it  is  in  the  domain  of  these  veins  that  the  thickening  of  the  pia 
arachnoid  occurs.  The  choline  accumulates  in  the  perivascular 
lymjih  spaces  about  the  veins,  causing  stasis  ami  inflanimation, 
which  are  intensified  by  the  action  of  gravity  in  the  veins  that 
emjity  into  the  longituiiinal  sinus.  (Edema  of  the  brain  follows, 
and  this  is  always  pres<^*nt  in  j>aretic  brains. 

The  final  result  of  these  pathological  jjrocesvses  in  the  vessels, 
neuroglia,  and  cerebral  substance  is  a  grailuai  atropliy  of  the  brain, 
so  that  it  weighs  much  less  than  normal,  sometimes  only  two-thirds 
of  the  normaf,  the  left  hemisphere  being  mr^re  titnijthied  tlian  tlie 
right  one;  it  appears  shrunken,  the  convolutions  being  narrow  and 
the  sulci  open;  the  brain  tissue  is  hard,  pale,  friable,  pigmented  and 
on  the  sunmait  of  the  convolutions  adherent  to  the  pia,  which  is 
opaque  and  thickened.  When  the  pia  is  strip|)ed  offj  |>ortions  of  the 
cortex  come  aw^ay  with  it.  Tlie  thickness  of  the  cortex  is  svi^n  t<»  ^*e 
much  reduced.  A  thickened  condition  of  the  ependyma  of  the 
ventricles  is  uniforndy  founiL  There  is  usually  an  increase  of  fluid 
within  the  ventricles  and  l>eneath  the  pia.     As  a  complication  the 
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lesions  of  |>arhymeDingitLs  with  lui?matonia  are  not  iJifrequently 
present.  All  of  the  eliange.s  in  the  cortex  are  more  raarked  in  the 
frontal  lol^es  and  motor  area  and  abr)iit  tlie  fissures  of  SyhiiLS,  but  in 
the  later  s?tages  of  the  tiisease  no  part  of  the  cort-ex  is  normal.  In 
about  10  {ler  cent,  of  the  cases  spinal  lesions  are  found  in  addition 
to  the  cerpi>ral  lesions.  These  consist  of  sclerosis  in  the  posterior 
and  lateral  cohiiiins  of  the  cord.  There  are  some  causes  in  which  the 
posterior  sclerosis  is  the  first  lesion  to  apjiear,  and  in  these  the 
lesions  of  locomotor  ataxia  are  w^ell  marked,  as  already  described, 
page  28t5.  In  other  ea.«;es  they  appear  after  the  condition  of  paresis 
has  developed,  and  then  th(T  are  not  so  complete.  The  sclerosis  in 
the  lateral  columns  is  usually  <lue  to  secondary  degeneration  in  tlie 
motor  tracts  after  changes  in  the  motor  cells  of  the  cortex. 

Symptoms.  Paresis  begins,  as  a  rule,  very  gradually;  so  that 
many  cases  are  overlooketl  and  others  are  considererl  as  neurasthenia 
or  dyspe|>sia  for  som«*  months,  there  being  present  some  of  the  symi> 
toms  of  one  or  botli  of  these  diseases.  After  a  time  the  friends  of  the 
patient  bt^gin  to  notice  that  he  is  not  acting  naturally,  that  he  is  un- 
iLSually  irritable  or  excitable,  is  offended  or  delighted  at  slight  provo- 
cation, is  variable  in  his  moods,  and  a)>pears  at  times  inattentive, 
forgetful,  and  careless  of  the  |>roprieties.  8oon  it  is  found  that  Ids 
affairs  are  in  confusion,  hbi  accounts  not  properly  kept,  and  that  it  is 
imi>ossible  to  keep  his  attention  concentrated  upon  important  busi- 
ness or  upon  any  train  of  thought,  so  that  his  conversation  becomes 
noticeably  fragmentary.  He  cannot  do  his  work,  and  yet  rea^nts  any 
interference  with  it,  maintaining  that  he  is  perfectly  welL  He  will 
admit  some  confusion  of  thought,  some  C€*rebral  sensations  of  dis- 
comfort, irritability  and  sleeplessness.  His  memory  for  recent 
occurrences  then  begins  to  fail.  He  neglects  engagements:  he  dis- 
regards obhgations,  sleeps  in  company,  loses  his  temper,  and  uses  bad 
language  at  home  or  in  public,  neglects  his  faniily,  and,  though  pre- 
viously moral  in  contluct,  indulges  in  alcoholic  and  sexual  excesses. 
By  this  time  it  is  noticed  that  his  speech  is  a  little  thick,  indistinct, 
and  hesitating,  and  a  fine  tremor  of  the  tongue  and  lips  and  possibly 
of  the  hands  may  be  detected.  The  affection  is  one  of  fine  co-ordi- 
nated movements — a  cortical  ataxia  rather  than  gross  paralysis. 
The  pupils  are  often  uneriual,  or  contracted,  or  dilated^  and  react 
very  slowly  to  the  light  in  the  early  .stage;  and  soon  fail  to  react  to 
light  at  alb  though  they  react  in  accommodation. 

During  ihis  jjeriod  of  invasion  headache  and  sleeplessness  are 
sometimes  prominent  symptoms,  and  a  gradual  loss  of  weight  goes 
on.  From  the  outset  restiessness  is  noticeable,  and  after  a  time  it 
seems  impossible  ftjr  the  patient  to  keep  quiet»  he  wants  to  take  all 
kinds  of  exercise,  to  walk  for  miles,  to  go  about  even  when  exhausted 
by  fatigue.  His  intellectual  powers  are  notably  weakened,  he  is  no 
longer  attentive,  logical,  self-controlled,  cautious,  or  careful  in  con- 
duet,  and  the  change  of  character  becomes  apparent  both  to  hi*s 
family  and  to  his  acquaintances.     This  period  of  invasion  varies 
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frniii  one  to  tliree  years,  aiul  nmy  he  mU'mipXoxl  by  pprtiNls  of  sub- 
sideiire  of  many  of  the  .^ymptoiiis.  It  usually  goes  on  to  the  full 
level n]nn(*nt  of  the  disease^ 

When  paretie  ^lenientia  is  fully  develojied  numerous  sviiiptoms 
present  themselves^both  meiitfil  and  pliysieal. 

The  power  of  ."^pensory  perception  is  not  impaired,  but  the  patient 
is  often  so  preoccupied  or  indifferent  that  tie  does  not  notice  fully 
or  remember  the  sulijeets  to  which  attention  is  directed.  His  mind 
j>asses  rapidly  from  one  tiling  to  another,  and  he  dtjes  not  perceive 
anything  accurately.  Thus  a  patient  will  forget  tliat  he  has  dined, 
or  neglect  to  put  on  some  of  his  clothes,  will  expose  his  |KTson,  or 
will  connnit  openly  small  thefts,  will  make  .•^*rious  mistakes  in  his 
accounts  or  ap|iointments,  merely  from  a  lack  of  careful  pf^rception 
and  consequent  im[>ainnent  of  memory.  Illusions  aotl  hallucina- 
tions occur  only  toward  the  close  of  the  disease,  and  are  followed  by 
a  marked  loss  of  power  of  sensory  i>erception  when  the  dementia 
I  becomes  ext  rei  ne . 

The  power  of  h)gical  thought  is  imjjaired  very  early.  The  patien' 
shows  impaireri  judgment  from  the  out.set,  takes  little  notice  of 
important  matters,  dwells  upon  trivial  things,  act.s  without  con- 
sideration, and  in*lulges  in  extravagant  scliemes,  reckless  exjjendi- 
tures,  and  excesses  of  many  kinds  wlvich  his  better  judgment  would 
condenm.  He  may  Ix^come  exceedingly  immoral,  all  restraints  of 
society,  religion,  anrl  morality  l>eing  wholly  neglected.  He  becomes 
profane,  obscene,  and  tipsy.  He  very  freipiently  develops  a  delu- 
sion of  grandeur,  says  that  he  never  was  so  well  in  his  life,  believes 
that  he  is  the  strongest,  tlie  brightest,  the  most  powerful,  the  most 
wealthy  of  men.  And  he  acts  at  times  in  accordance  with  his  de- 
lusion, undertaking  the  most  extravagant  and  imjmssible  schemes 
without  any  regani  for  his  actual  cirrnmstances.  Many  a  patient 
involves  himself  and  others  in  financial  difficulties  by  undertaking 
colossal  combination's  and  extensive  business  organizaliuns  far 
beyond  his  powers  or  means,  before  it  is  realized  that  thes*^  sc*hemes 
are  the  i)roduct  of  an  unbalanced  mind.  Yet  the  delusions  are 
not  carried  out  fully  in  his  actions,  and  he  mixes  ordinary  affairs 
with  them  in  an  incongruous  manner.  The  delusions  are  not  as 
fixed  or  as  systematized  as:  in  paranoia.  Tlie  development  of  such 
delusions  is  a  sure  sign,  in  Meynert's  oi)inion,  that  an  atrojjhy  of  the 
brain  has  Ix'gun. 

His  emotional  state  is  unstable.  He  has  little  control  over  its 
numifestations,  can  be  movetl  to  tears  or  to  laughter  in  the  course  of 
an  ordimiry  conversatii>n,  can  be  excited  or  depressed  by  sugges- 
tions. He  is  sometimes  depressecl  for  days,  and  feels  iliscomfort, 
l>ut  iloes  not  blume  himsf^lf,  and  in  the  miilst  of  the  depression  may 
become  excited.  He  is  usually  sanguine  and  hojx^ful,  and  his  emo- 
tion is  usually  in  accordance  with  his  delusif^n,  one  of  exaltation. 
At  times  or  on  provocation  the  excitement  may  become  maniacal, 
and  outbursts  of  rage  or  of  frenzy  are  not  infrequent  in  the  course  of 
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the  disease.  Hence  a  paretic  clement  is  never  a  harmless  member 
of  society »  but  reijuires  to  be  watched.  He  rarely  shows  any  ten- 
dency to  suicide, 

\'oluntary  action  and  contluct  are  affected  from  the  outset;  in- 
deed it  is  by  change  in  conduct  that  the  changes  in  thought  antl 
character  are  chiefly  betrayed,  and  the  weak  logical  jiower  made 
manifest.  Inconsistency  is  evident  in  speech  and  conduct.  Acts 
are  done  without  consideration;  thus  impulsive  acts,  such  as  steal- 
ing, forgery,  enormous  expenditures,  even  murder  may  be  perfotjiied 
under  sudden  excitement  or  under  the  influence  of  a  delusion,  or 
in  a  fit  of  frenzy.  All  the  ordinary  restraints  to  conduct  seem  to  Ix^ 
removed,  and  instinct  rather  than  morality  is  the  guide,  self-control 
being  greatly  weakened. 

Self-consciousness  appears  to  be  very  im])erfect.  The  f>atient 
does  not  appreciate  the  inconsistency  between  his  previous  jx^rson- 
ality  and  his  |)restnit  acts:  he  does  not  notice  the  growing  anxiety  of 
his  family;  he  regards  with  indifference  loss  of  means,  or  even  his 
confinement  in  an  asylum:  he  is  usually  so  engaged  in  his  imaginary 
undertakings  under  the  influence  of  his  delusions  that  he  iscontenteil 
wherever  he  is.  His  }iersonality  may  l>e  changed,  and  he  may 
imagine  himself  a  priTice,  a  millionaire,  a  deity.  Gradually  the 
consciousness  becomes  obscureil,  he  recollects  httle  regarding  his 
illness,  and  as  the  deeper  dementia  ensues  he  becomes  iiKlifferent, 
dull,  stupid,  and  finally  almo.st  stuporous.  In  the  final  con<htion 
of  dementia  all  mental  action  is  suspended. 

The  |>hysieal  symptonis  are  as  markeil  as  the  mental  symptoms. 

Motor  disturbances  appear  early.  There  is  restlessness,  a  ten- 
dency to  be  in  constant  motion.  The  patient  takes  long  walks  or 
rides,  indulges  in  unusual  exercise,  wishes  to  be  going  out  to  theatr*^ 
every  night,  to  visit  friends  all  the  time,  and  is  not  content  to  lead 
an  ordinar}^  cjuiet  life,  as  before  his  illness.  He  ha,s  a  sense  of  physi- 
cal power,  and  is  eager  to  show  his  strength,  though  this  may  really 
be  imj^aired.  He  is  very  talkative,  discussing  subjects  of  which 
he  knows  little,  or  talking  at  random.  Tremor  of  the  muscles 
apjK^ars  early,  first  in  the  tongue,  then  in  the  face  and  hands,  and 
finally  any  motion  is  attended  with  some  trembling.  Thus  tremor 
is  folknved  by  inco-ordination,  which  shows  itself  in  thickness  and 
indistinctness  of  s|>eech.  in  irregidarity  of  handwriting,  in  clumsiness 
in  handling  things,  and  an  awkward,  unsteady,  stumbling  gait.  The 
speech  is  quite  characteristic,  letters  being  slurred  and  words  mis- 
pronounced, so  that  any  long  word  or  condiination  of  difficult 
.«tyllables,  like  **  third  artillery  brigade/'  cannot  be  said.  In  writing 
the  patient  will  omit  letters  from  words,  later  may  write  wholly 
unintelligible  |ihrases,  or  even  merely  make  marks  on  the  paj»er,  and 
yet  not  apjyreciate  these  defects  of  writing.  From  the  first  hist 
handwriting  is  changed,  lines  being  irregidar,  letters  too  small  or  too 
large^  and  badly  written.  The  facial  expression  becomes  blank 
and  inane — no  appearance  of  thought  or  interest  being  manifest,  l>ut 


DIAGNOSIS  OF  PARESIS. 


561 


when  ho  talks  an  excessive  play  of  the  facial  inusi 


liotieeable, 
progresses 


m 


Paresis  shows  itself  after  a  titrie  in  the  linibs,  and 
the  final  stage  there  is  total  paralysis,  with  inereai^eil  reflex  action 
and  loss  of  all  control  over  blailder  and  rectum.  Finally  speech  may 
Ijeconie  impossible.  The  knee-jerks  are  either  much  increased  or 
are  !ost  from  the  outsc^t . 

In  tlie  course  of  the  disease  epileptiform  attacks,  attacks  of  sudden 
loss  of  consciousness  without  convulsions,  and  attacks  of  mono- 
plei^ia  or  hemiplegia,  temporarj^  or  permanent,  often  o<»cur. 

\*a8omotor  disturbances  are  also  present.  The  face  flushes  or 
pales  frequently^  there  are  sudden  attacks  of  vertigo  and  of  head- 
ache, and  of  feeling  of  fulness  in  the  head;  the  pulse  is  usyally  slow, 
large,  and  of  low  tension.  In  the  hite  stages  venous  congestions  in 
various  organs  are  found,  and  ha^matoma  of  the  ears. 

Sensory  symptoms  are  less  marked  than  motor  sjTiiptoms,  but  as 
the  flisease  advances  anaesthesia  or  analgesia  of  the  limbs  may  be 
found,  especially  in  connection  with  heiTiiplegia. 

In  the  last  stage  trophic  disturbances  occur,  for  in  the  stupid, 
dirty,  helpless  state  of  the  patient  cleanliness  is  difficult  and  the 
liability  to  bed-sores  ami  to  cystitis  is  great. 

Some  cases  are  complicated  by  the  development  of  spinal  sclerosis, 
either  in  the  form  of  posterior  or  of  lateral  sclerosis,  with  its  attendant 
symptoms,  and  in  a  few  cases  the  paresis  follows  the  spinal  disease. 

It  is  evident  that  the  niental  and  t>hysical  symptoms  are  very 
numerous.  Many  cases  show  only  some  of  them:  others  present  all 
the  symptoms  rluring  the  course.  In  some  cases  the  mental  symp- 
toms appear  early  and  are  more  prominent  throughout  than  the 
physical  symptoms;  in  other  cases  the  reverse*  is  ol>served.  A  few 
ca^es  begin  with  epileptiform  attacks.  In  other  cases  the  symptoms 
begin  with  a  luematoma  of  the  <lura,  causing  an  attack  of  apoplexy 
with  aphasia,  or  hemiplegia,  or  hemianopsia.  These  syniptouLS  sub- 
side rapidly,  so  that  in  a  week  or  two  the  patient  may  appear  to 
have  recovered.  But  later  the  mental  and  physical  symptoms  of 
paresis  apfx^ar,  and  then  it  is  evident  that  the  apoplexy  was  the  first 
sign  of  paresis. 

The  course  of  the  disease  is  slowly  progressive,  though  remissions 
of  one  or  two  years  are  not  uncommon.  Its  average  duratiop  is 
about  three  years,  though  rapid  ca.*^*s  may  tenniuiite  vvitliin  a  year, 
and  some  are  biowii  to  have  lasted  five  or  six  years.  The  patients 
die  of  exhaustion  or  of  some  complicating  disease,  such  as  cystitis,  or 
pneumonia,  or  obstruction  of  the  bowels. 

Diagnosis.  The  diagnosis  of  paresis  is  to  be  made  from  the  combi- 
nation of  i>hysica!  signs  and  niental  and  physical  s\Tnptoms.  The 
loss  of  j)U)>il  reflex  to  light,  unetjual  pupils,  tremor  of  the  face  and 
tongue,  indistinct  sptTcIi,  tremor  of  the  hands,  exaggeration  or  loss 
of  the  knee-jerks,  are  objective  physical  signs  of  imyjortance.  The 
mental  irritability,  excitement  with  expansive  ideas,  defects  of 
memory  ami  of  self-control  are  the  most  important  early  mental 
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symptoms.     Attacks  of  epileptic  or  apoplectic  nature  are  the  inos^ 
important  |jhysical  symptoms. 

Neurasthenia  may  be  present  in  the  early  stage  of  ])aresis,  and  any 
or  all  of  its  symptoms  may  then  be  af>parent.  But  a  neurasthenic 
l>atient  always  notices  every  symptom  minutely,  describes  it  fully, 
and  discusses  it^s  significance,  while  a  paretic  is  usually  not  aware  of 
the  fact  tliat  he  is  ill,  and  does  not  care  to  talk  about  his  health  as 
much  as  about  his  jirojects  and  success.  Defects  of  memory  and  of 
speech  are  rare  in  neurasthenia,  and  the  neurasthenic  presents  none 
of  the  physical  signs  of  paresis.  In  a  doubtful  case  it  is  on  the  ap- 
pearance of  these  signs  only  that  the  diagnosis  of  paresis  can  Ije  made. 

There  are  some  cases  of  eerel:)ral  syf>hilis  which  resemble  paresis^ 
and  it  is  often  thfficult  in  the  early  stage  totlitTerentiate  these  diseases. 
Cerebral  syphilis  usually  causes  iiain  in  the  head,  worse  at  night.  If 
it  produces  disturbance  of  speech  it  is  rather  in  the  form  of  true 
aphasia,  not  the  tremulous  indistinct  speech  of  paresis.^ There  is 
never  any  tremor  of  face  and  hands»  and  hence  writing  is  clear  and 
not  iiripaired  unless  there  is  agraphia  with  aphasia,  and  this  differs 
from  the  omission  of  letters  and  wonls  in  writing  firesent  in  paresis  J 
Optic  neuritis  is  often  present  in  cerebral  syphilis,  but  very  rarely 
in  paresis.  The  emotional  state  is  usually  depressed  and  the  patient 
anxious  in  syphilis,  while  it  is  one  of  excitement  and  elation  La 
paresis.  Delusions  are  nmch  less  common  in  syphilis,  and  are  never 
as  extreme  as  in  paresis.  The  signs  of  dementia  are  more  marked  in 
an  early  stage  than  they  are  in  paresis:  the  lack  of  mf^iiory,  lack  of 
power  of  reasoning,  and  lack  of  self-control  apfK*aring  early  in  syphilis 
and  late  in  paresis.  In  syphilis  there  are  often  physical  signs  of 
single  or  myltij^le  locatizable  lesions,  while  paresis  is  a  diffuse  disease. 
The  course  of  the  case  in  syphilis  is  variable,  with  nmch  improvement 
mider  treatment,  while  in  [laresis  it  is  usually  progressive. 

Ijultiple  sclerosis  can  hardly  be  mistaken  for  paresis;  as  the 
nystagmufi,  tremor  of  an  increasing  kind  on  effort,  tremor  of  the  head 
and  trunk,  and  absence  of  delusions  even  when  some  dementia  is 
present  are  characteristic  of  nmltijik*  sclerosis. 

Tiie  dtMuentia  of  old  age  and  the  dementia  <»f  chronic  alcoholism 
are  not  atteiuled  l>y  delusions  of  exaltation  and  gramleur. 

Prognosis.  The  prognosis  in  paresis  is  absolutely  ba*L  Ivraffi- 
Ebing  declares  that  he  has  never  seen  a  recovery  in  2500  cases.  It 
must,  however,  l)e  rememfxTetl  that  remissions  in  the  symptoiivs 
occur,  esjiecially  in  tlie  early  stage.  I  have  known  many  patient-^ 
who  have  had  all  the  symptoms,  to  recover  for  a  time  under  quiet 
rest  in  the  country,  and  be  able  to  return  to  lousiness.  vSuch  remis- 
sion may  last  for  a  year  or  two,  during  which  time  the  only  eviilenee 
of  the  disease  may  l»e  tlie  inactive  pupil,  and  the  sHght  tremor  of  the 
hands,  and  the  exaggerated  or  lost  knee-jerk.  I  have  never  known 
these  physical  signs  to  subsiik%  and  I  have  never  known  a  remission 
to  last  more  than  two  years.  Hence,  the  prognosis  as  to  recovery 
is  bach 
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Treatmant.  Tliere  is  no  forni  of  treatniefil  which  will  arrest 
irosi.s.  In  the  loajority  of  patients  who  piT.sent  a  liisiory  of  syphilis 
is  well  to  administer  a  thorough  course  of  inunotions  of  mercury, 
Sllowerl  by  large  doses  of  ioditle  (»f  [jotassiurn,  this  treatnu^nt  lieing 
assisteii  by  the  use  of  daily  hot  ( 105°  F. )  fmths  for  lialf  an  hour.  In 
some  cases  I  have  seen  iiiaterial  l>eneht  as  a  result,  and  a  n*nussion  of 
some  months  in  the  symptoms  usually  follows  sueh  a  course.  It  is 
absolutely  necessary  for  the  patient  to  stop  all  business*  to  rest  and 
to  avoid  emotional  excitement.  Hence,  it  is  well  to  remove  him 
from  his  home  surroundings,  and,  as  he  is  not  fit  to  travel,  it  Is  better 
to  send  him  to  a  sanitarium,  or  to  sotue  health  resort,  or  some  one  of 
the  hot  springs,  where  water  treatment  can  be  given.  Souie  forms 
of  hydrotlierapy  are  of  service  in  these  cases,  but  coM  balhs  and 
douches  are  to  br*  avoid<Ml.  A  tub  hath,  or  a  !iot-air  box,  followed 
by  a  shower  not  below  SO^  F,  and  nuussage  daily  a|>|:>ears  in  exert  a 
favorable  effect  upon  the  circulation  and  to  i|uiet  many  nervoiLs 
symptoms.  When  the  patient  becomes  uncontnjllable  by  his  family 
or  nurses  it  is  better  to  eonmiit  him  to  an  asylum  where  he  may 
improve,  so  that  in  a  period  of  remission  he  may  l>e  releaseil  and 
allowed  to  travel.  Tiie  rjuiet  routine  life  of  an  institution,  without 
excitement  or  responsibility,  seems  favorable  to  the  subsidence  of  the 
symptoms  of  irritation. 

In  the  later  stages  of  the  disease,  when  dementia  is  wtII  marked, 
care  in  an  asylum,  or  in  a  home  well  secluded  and  |>rovifled  with 
skilled  nurses,  may  prolong  life  for  many  months. 

Some  of  the  symptoms  rcfiuire  active  treatment.  Sleeplessness 
must  he  treated  by  hot  baths  at  niglit,  or  massage,  or  by  the  use  of 
paraldehyrl  in  60*grain  dose,  or  trional  20  grains,  or  sulphonal  15 
grains.  It  is  well  to  give  hypnotics  with  hot  nulk,  as  they  are  more 
rapidly  absorbed  and  more  etficacious.  The  motor  restlessness  leaijs 
to  over-fatigue  an<l  heart  failure:  lience  ver>'  numy  short  walks  iii^'a 
day,  each  followeii  by  a  short  rest,  are  tetter  thati  tlie  long  tramps 
which  thest*  patients  are  proud  of  taking.  When  the  mental  excite- 
ment becomes  very  intense,  and  the  patients  cannot  lie  controlled  by 
argument,  active*  j:jiirgatives,  such  as  compound  cathartic  pills,  aloes, 
or  croton  oil,  wliicli  cause  a  temporary  amemia  of  the  brain,  will 
quiet  them  better  than  s<^dativcs.  An  oeciisional  use  of  bromide,  or 
bromide  and  chloral,  or  even  a  hyptMlermic  injection  of  mori)hine  j^, 
or  hydrobromate  of  hyoscine  ^jhr  grain,  may,  however j  be  necessary 
to  allay  excitement.  A  single  dose  of  fluid  extract  of  ergot,  one 
drachm,  may  have  the  same  effect,  but  the  continued  use  of  ergot  is 
to  be  avoided. 


Addendum.  Widal  affirm.^  ihiil  tii  pkari*f*is  lli**  L"ortbro-f<[Hniil  fluid  contaiiiit  many 
Jeucoeyte;*,  126  to  1  c.c,  »  euiulitton  not  found  t-xct^plitig  in  mfningitis.  Hp  think^ 
tKat  lumhar  puncture  and  examimition  of  the  fluid  mil  cistablish  the  dmga09U. 
Bluuier  ron firms*  this  view. 


CHAPTER    XXX. 

ABSCESS  OF  THE  BRAIN. 

Etiology*  Aliseess  of  the  brain  otTur^  :v.s  a  yt^ciuel  to  injuries  of 
the  head,  with  and  oeea^sionally  witlioul  fracture.  In  eiusi*s  of  cuni- 
pound  fracture  or  of  wounds  in  whieh  a  septic  infection  occurs  at 
the  tinu'  of  the  injury  sucli  aliscess  format iui)  is  to  1m*  exjjecteih 
This  is  jjarticularly  true  if  a  small  bit  of  hone  or  a  foreign  boily 
remains  in  the  l)rain.  In  cases  where  the  scalp  is  only  bruised  it  is 
difficult  to  imderstaod  the  source  of  infection.  Wvn  Bergman  de- 
clares that  a  simiile  contusion  of  the  head  is  not  capable  of  causing 
an  abscess,  Init  I  have  scpo  it  in  several  cases  where  the  scalp  wai? 
not  broken,  though  the  bone  was  fractured.  In  some  cases  the 
a!>scess  follows  soon  after  the  injury;  in  other  casf\s  the  symptoms 
do  not  develop  for  many  weeks  or  months;  aiul  cases  are  on  record 
where  the  only  explanation  for  thi^  prest^iice  of  a  latent  abscess  found 
unexpectedly  at  the  autopsy  was  an  injury  received  years  before. 

Fig.  225. 


Liurtfi  ftbiOeie  ia  Uie  inferior  p«j1eul  re^rton  tecondary  Co  fncture  of  the  akulL 
capfule  of  the  ftbecen  cad  be  «eOD. 


The  Uiick 


In  the  case  of  an  infant  seen  with  Poore  at  St,  Mary's  Hospital,  a 
fall  upon  the  left  parietal  bone,  causing  a  laceration  of  the  scalp  and 
an  indentation  of  the  soft  bone,  was  followed  within  two  weeks  by 
the  development  of  right  hemiplegia  with  hemianopsia.    At  the 


Abscess  of  Cerebellum  Secondary  to  Chronic  Suppurative 
Otitis  Media.    (Bacon.) 

The  right  cerebellar  hemiBphere  has  been  divided  and  the  lower 
hnir  removed,  expoautg    tHe  abftoeee  cavity  and   it«  v\ra11  (d)  and    the 

area  of  hemorrhagic*  softening  posterior  to  the  abscess  (ith 
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autopsy  a  large  cereljnil  abscess  was  found  beneath  the  site  of  the 
injury  within  the  white  matter  of  the  brain,  there  being  noa|>pareiit 
affection  of  the  cortex  for  one-fourth  of  ao  inch  above  the  abscess. 
The  abscess  had  a  tliick  cajisule  and  was  well  defined.  (See  Fig.  225.) 
All  attempt  was  made  to  o|x^n  it,  but  the  of>eration  had  to  be  sus- 
jiended  on  account  of  the  colhqjsc  of  the  fjatienL 

In  a  secontl  case,  seen  with  McBurney  at  Roosevelt  Hospital,  a 
conipound  fractui'c  of  the  superior  portion  of  the  left  parietal  bone, 
which  hail  liealed^  had  Ix^en  followed  three  months  lat4?r  by  the 
grafkial  tlevelopment  of  paralysis  of  the  right  leg.  At  the  oi)eration  a 
large  abscess  was  found  involving  the  superior  parietal  lobule  ami 
adjacent  portion  of  the  [wsterinr  central  convolution.  In  the  midst 
of  the  abscess  a  eonsiderat>le  piece  of  bone  was  found,  which  evi- 
dently had  l>een  driven  in  at  the  time  of  the  fracture.  The  opera- 
tion wa,s  successfiih  The  (>atient  recovered  and  gradually  regained 
jiower  in  the  leg. 

In  a  third  case,  also  seen  with  McBurney  at  Roosevelt  Hospital, 
a  similar  compountl  depressed  fracture,  with  spicula  of  bone  in  the 
brain/had  led  to  the  development  of  an  abscess  within  two  weeks  of 
the  time  of  fracture.  The  abscess  cavity  invaded  the  midille  third 
of  the  motor  area,  and  caused  hemi|>legia  with  paralysis  chiefly 
marked  in  the  arm,  an^l  here,  too,  at  the  time  of  operation,  pieces  of 
bone  had  to  be  removed  as  welt  as  the  purulent  accumulation  around 
them.     The  operation  was  successful  arid  the  boy  recovered. 

In  a  fourth  case,  stx^n  with  McCosh  at  the  Presbyterian  Hospital, 
a  fracture  of  the  skull  over  tlie  left  occipital  region  had  produced 
well-marked  right  homonymous  hemianopsia.  Trephining  resulted 
in  the  successful  evacuation  of  the  abscess,  but  the  hemianopsia 
remained  permanently. 

In  22  cases  of  al)scess  of  the  brain  observed  at  tlie  Presbyterian 
Hospital,  12  have  l>eeri  due  to  trauma. 

Tlie  second  and  jjrobal>ly  tlie  most  frequent  cause  of  brain  abscess 
is  chronic  otitis  media.  A  very  thin  layer  of  bone  separates  the 
cavity  of  the  middle  ear  from  the  dura  and  brain.  It  is  easy  to  con- 
ceive that  a  shght  tlegree  of  caries  in  this  bone  will  open  a  way  for 
the  entrance  of  micro-organisms,  and  thc»ir  develojjment  will  lead  to 
either  purulent  meningitis  or  to  the  formation  of  an  abscess.  Such 
an  abscess  may  ilevelop  in  the  temporal  lolx*  of  the  brain  or  ui  the 
lateral  lol)e  of  the  ccrel>elluni.  Fig.  226  ami  Plate  XXIL  show  such 
abscesses. 

The  first  attack  of  otitis  media  Ls  rarely  follijwefi  by  a  brain  abscess. 
It  is  in  the  chronic  cases,  where  as  time  has  gone  on  the  bone  has  been 
slowly  erodedp  that  a  sudilen  attack  of  inflannnation  of  tlie  ear  goes 
on  to  the  formation  of  a  brain  abscess. 

Many  cases  iu  adult  life  are  traced  to  infectious  otitis  media  occur- 
ring in  childhood,  the  frequency  of  this  complication  of  scarlatina 
and  measles  being  well  known. 

In  all  sucli  ca.si^s  there  is  a  history  of  a  cIu*onic  purulent  discharge 
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from  the  ear,  whicli  from  time  to  time  ceases,  Imt  recurs,  ami  then 
sudtlenly  an  acute  attack  of  paio  in  the  ear  occurs,  which  is  soon 
followed  by  the  cerebral  sym]jtrvms  of  a!>scess.  In  other  eas*\s  the 
acute  attack  of  otitis  suhsitles,  but  tlie  patir/nt  does  not  U^^l  <iuite 
well,  and  after  some  weeks  the  signs  of  a  brain  abscess  occur, 

Korner  lias  shown  that  such  abscesses  are  more  common  on  the 
right  side.  Barr  in  a  collection  of  76  such  abscesses  found  55  in 
the  teiTiporal  lobe,  13  in  the  cerebellum,  2  in  the  pons,  and  1  in  the 
crus.  Poulsen  collected  13  cases  of  abscess,  of  which  9  were  in  the 
temporal  lobe  and  4  in  the  cerebellum, 

PiQ.  230. 


L  Prlm&o'  abficesa  cftvHr  couuect^d  wUli  daiiB  lu  iymtwiiie  rooi.    2.  Secondary  abscen  otrlly  in 
tcmporo^pbexMtlfUl  lobe.    Both  abicea  cftvitte«  found  f^ee  from  pus  at  autopqr*    (Bacon.) 


A  third  cause  of  brain  abscess  is  a  carious  process  starting  in  the 
nasal  cavity  or  orbit,  or  an  infection  after  some  ojx^ration  upon  these 
parts*  Thus,  some  years  ago,  before  the  imjiortaiice  of  a^^eptic 
surgery  was  appreciated,  I  saw  a  case  of  abscess  of  the  frontal  lobe, 
with  sudden  death,  which  followed  within  a  week  of  an  operation 
for  the  removal  of  an  exostosis  of  the  septum.  I  have  known  of 
several  similar  cases,  and  Kahnt  and  Dreyfuss  have  eollectecl  a 
number. 

Abscess  of  the  brain  ha-s  been  known  to  follow  erysipelas  of  the 
face  and  head. 

Metastatic  abscess  in  the  brain  after  abscess  and  gangrene  of  the 
lung  is  not  very  common,  but  occurs.  Xiihter  has  collected  8  such 
cases  in  a  stufly  of  MX)  cases  of  pulmonary  gangrene.  It  may  also 
follow  bronchiectatic  abscess,  enifjyema  and  pytemia,  ulcerative 
endocarditis,  and  abscess  in  any  organ.  In  these  cases  there  are 
small  multiple  abscesses  in  the  brain,  whose  existence  is  usually  over- 
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looked,  as  tlie  general  syniptonis  of  t!ie  original  disease  obscure  the 
cerebral  syniptonus. 

It  havS  been  suppos^'d  tliat  in  some  cases  of  unknown  origin  the 
cerebral  abscess  is  the  result  of  some  infection,  and  many  forms 
of  infectious  disease — typhus,  typhoitl^  cerebro-spinal  meningitis, 
measles,  influenza,  and  tuberculosis  have  been  considered  the  start- 
ing point  r>f  cerebral  abscess  in  various  reported  ciuses. 

Pathology,  Abserss  in  tlie  l>rain  is  the  rrs\iit  of  a  purulent  enceph- 
alitis, Streptoeoccus  jiyogenes,  staphylococcus  pyogenes  aureus, 
albus  and  citreus,  and  pneumococcus  have  been  found  in  such  ab- 
scesses. It  may  present  several  different  appearances.  There 
may  be  a  snialb  localized,  softened  condition  fjf  the  i>rain  tissue,  in 
which  on  microscopic  examination  leucocytes,  pus  cells,  and  micro- 
organisms are  found.  This  is  the  condition  in  metastatic  abscesses. 
Von  Bergman  ret)ortsacase  in  which  100  such  little  collections  of  pus 
were  found  in  one  brain  in  a  patient  who  had  pyannia  after  gan- 
grene of  the  leg; 

There  may  t>e  a  collection  of  pus  within  an  irregular  cavity  with- 
out distinct  wall,  but  surrounded  by  a  more  or  less  pulpy,  broken- 
down,  and  hemorrhagic  area  of  brain  tissue.  The  pus  is  green  or 
brown  and  fetid.  Such  abscesses  extend  rapidly  and  lea4l  to  a  fatal 
ternnnation.  Even  if  evacuated  and  dramed  they  are  Ukely  to  go 
on,  ami  very  often  set  up  a  meningitis. 

There  may  be  a  collection  of  pus  enclosed  in  a  thick  connective- 
tissue  capsule  lying  in  the  white  matter  of  tin*  brain,  and  (|uite  ilis- 
tinct  from  the  brain  tissue.  This  form  occasiona!!y  shows  a  ten- 
dency to  rapitl  progress,  but  is  usually  of  slow  growth.  It  usually 
lies  in  or  on  the  brain  like  a  tumor,  causing  s\inptoms  of  pressure; 
or  it  may  ca\ise  no  s\Tnptoms  whatever,  and  surj^rise  the  patliologist 
at  the  autopsy.  This  form  is  |jrobably  a  tt:rminal  result  of  the 
second  form  (lescrilK^d,  nature  forming  a  protecting  capsule  to  the 
ihsintegrated  tissue  and  shutting  up  tlu*  pus  in  the  thick  wall;  but 
such  a  i>roceas  may  go  on  with  some  ra|>i(lity,  as  I  have  seen  a  thick 
wall  in  a  case  of  al)scess  of  but  three  weeks'  duration.  The  existence 
of  the  wall  does  not  i>reclude  the  jHjssibility  of  an  extension  of  the 
abscess,  and  in  such  casf\s  an  infiltration  of  the  brain  tissue  about  it 
with  pus,  leucocytes  and  bacteria  has  been  found.  The  size  of  such 
an  abscess  varies.  It  is  usually  about  as  targe  as  ti  wahmt,  but  may 
be  much  larger.  The  rujjture  of  such  a  cajisule  may  cause  sudden 
death,  as  in  mie  of  my  patients.  It  may  rupture  inward  into  the 
ventricle  or  outwartl  on  to  the  surface.  It  is  not  possible  for  an 
abscess  to  Ix?  absorbeth 

In  many  cases  of  absceas  there  occurs  a  compHcating  meningitis  or 
thrcjinbosis  of  tlie  cerebral  sinuses  just  j>rior  to  death. 

Symptoms*  The  general  symptoms  of  cereliral  abscess  are,  in  the 
order  of  their  im|iortance:  1.  Headache,  general  but  sometimes 
located  over  the  seat  of  the  abscf^ss.  2.  A  change  in  mental  charac- 
teristics, of  the  natui'e  of  irritability^  alternating  with  duhiess^  im- 


568 


ABSCESS  OF  THE  BRAIN. 


perfect  attention,  slowness  of  thought,  and  defects  of  nieniory — a 
semicomatose  condition  and  appearance  of  ilhiess  out  of  proportion 
to  the  other  symptoms.  3,  Ai>normai  temperature.  4.  Tender- 
ness of  the  head  to  percussion,  with  change  in  the  ]>ercussion  note 
over  the  seat  of  the  abscess,  5,  Facial  palsy  of  the  peripheral  tyi>e 
upon  the  side  aflected*  6.  Optic  neuritis.  7.  General  febrile  s}tii|v 
toms  with  occasional  chills.  The  development  of  these  svmptonis 
in  a  patient  wlio  Iku!  had  an  injury  of  the  head,  or  is  the  subject  of 
chronic  otitis  media,  or  who  has  been  exposed  to  aay  of  the  causes 
already  mentioned,  should  awaken  grave  anxiety. 

It  will  be  noticed  that  none  of  these  symptoms  are  distinctly 
diagnostic  of  brain  abscess^  for  all  of  them  may  occur  in  meningitis 
or  in  thrombosis  of  the  lateral  sinus,  and  all  of  ttiem  may  vary  in 
severity  in  any  given  case,  I  have  seen  such  a  cond)ination  of  symp- 
toms in  patients  with  otitis  meilia  purulenta  who,  by  proper  sur- 
gical treatment,  have  gone  on  to  recovery  without  any  subse<^uent 
evidences  of  brain  abscess. 

Thus  in  two  of  the  cases  of  traumatic  absceas  of  the  brain  already 
mentioned  headache  was  not  present.  In  a  case  of  abscess  of  the 
cerebellum  which  I  saw  with  Oorham  Bacon,*  headache  was  not  a 
very  marked  symptom  until  late  in  the  disease,  some  time  after  the 
beginning  of  the  abscess;  and  in  a  case  of  abscess  sul>se<juent  to  ear 
disease,  seen  with  McBurney,  headache,  though  present,  was  never 
very  severe.  In  other  patients,  however,  I  have  known  it  to  be 
intense,  so  that  it  formed  the  chief  comphiint.  It  is  evident,  there- 
fore^ tliat  from  the  degree  of  headache  no  conclusion  ran  l)e  arrived 
at  that  is  of  diagnostic  value.  It  is  usually  stated  that  tlie  head- 
ache in  meningitis  is  more  severe  and  constant  than  it  is  in  abscess; 
but  if  all  degrees  of  headache  may  occur  in  abscess,  it  is  evident 
that  thissym]^toin  cannot  l)e  relie<l  uj^on  in  diagnosi.s. 

It  is  equally  difficult  to  estimate  the  real  importance  of  mental 
symptoms.  In  the  first  place,  the  mental  cajjacity  and  character- 
istics of  different  individuals  are  so  different  that  it  is  necessary  to 
have  known  the  person  prior  to  his  illness  in  order  to  reach  any 
definite  judgment.  A  condition  of  excitement  and  talkativeness  in 
a  i>erson  who  is  on!inaril\'  reserveil  or  stolid  is  of  nuich  more  impor- 
tance than  in  an  excitalile  and  lo<|iiacious  individual ;  and,  vice  versa, 
a  condition  of  apathy  and  stujior  in  a  man  of  bright,  active  intelli- 
gence is  of  much  greater  diagnostic  value  than  in  a  dull  or  stupid 
person.  Anyone  who  watches  a  large  class  going  through  gym- 
nastic movements  under  the  leadership  of  an  instructor  will  notice 
that  a  certain  proportion  are  quite  |>erceptibly  behind  the  others  in 
their  motions,  and  even  in  a  class  of  fifty  it  is  rare  to  find  any  two 
who  are  moving  exactly  in  time,  especially  when  the  exercise  |)er- 
formed  is  a  novel  one.  lliis  fact  illustrates  the  variability  of  the 
persona!  equation — the  different  rate  that  obtains  in  the  tliinkiiig 
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proress  of  fiifferent  individuals — and  unless  this  fact  is  kept  in  mind 
in  judging  of  the  nu'iital  state,  of  the  slowness  of  tlioiight,  or  of  the 
defects  of  attention  in  a  person  who  is  ill,  very  erroneous  conclusions 
may  be  reached  regarding  their  significance.  The  effect  of  illness 
upon  mental  processes  is  not  always  appreciated,  and  varies  much 
with  the  individual,  some  jiersons  becoming  restless,  irritable,  and 
more  active  mentally  when  ill,  others  becoming  lethargic,  morose, and 
apparently  dulL  Inasmuch  as  these  variations  are  observed  in  all 
forms  of  illness,  it  is  obviously  erroneous  to  attach  omch  differential 
diagnostic  value  to  the  mental  state  in  distinguishing  between  (hree 
conditions—abscess,  meningitis,  and  sinus  thrombosis— so  closely 
allied. 

The  course  of  the  temperature  in  abscess  of  the  brain  is  quite 
variable.  The  statement  has  been  made  by  MacEwen/  and  seems 
to  be  borne  out  by  his  cases,  that  it  is  common  in  abscess  of  the 
brain  to  fimi  a  persistently  low  tempeiatore  with  little  variation. 
MacEwen  states  that  during  the  prehminary  [jeriod  the  tein{>erature 
has  been  slightly  above  normaL  During  the  period  of  full  develop- 
ment of  the  abscess  the  temperature  is  a!>out  normal  or  slightly 
subnormal,  from  97°  to  99°  F.;  antl  that  in  the  terminal  stage  if  the 
abscess  bursts  the  temperature  rises  within  a  few  hours  with  a  bound 
to  104°  or  10&^  F.,  but  if  the  abscess  is  evacuated  l\v  o|)eration  the 
tem|:»erature  rises  to  100J°  or  101°  F.,  and  in  a  few  hours  conies  down 
to  l>elow  100°  F.,  remaining  near  the  norma!  until  recovery  ensues. 
He  contrasts  .sharply  this  run  of  temperature  with  that  found  in 
infective  thrombosis  of  the  lateral  or  cavernous  sinuses,  in  which 
very  high  temt>eratures  with  very  great  remissions,  resulting  in  a 
most  irregular  curve  Iwtween  106°  and  97^^  F.,  have  been  observed. 
He  also  contrasts  it  with  the  ten^perature  cun^e  of  meningitis,  in 
which  the  temperature  is  high,  lietwei^n  103°  and  104°  F.  constantly, 
without  the  great  remissions  occurring  in  thrombosis.  Okada  found 
a  marked  rise  of  temjXTature  anil  a  febrile  course  in  46  of  .88  cases  of 
abscess  of  the  cerel>el!um ;  in  15  the  temperature  was  normal ;  in  15  it 
was  subnormal;  in  8  there  was  a  rise  of  temperature  only  at  the 
onsc^t,  in  4  only  at  the  very  end.  A  study  of  the  temperatures  occur- 
ring in  three  successive  cases  of  eeret>ral  al)scess  shows  that  any 
conclusion  from  a  study  of  temperature  is  not  reliable.  Thus  in  a 
case  seen  with  Bacon,*  the  curve  was  one  which  suggested  throm- 
bosis of  the  siniLses,  there  being  very  high  temperatures,  followed 
by  sudden  remissions  two  or  three  times  a  tlay  for  several  days  prior 
to  the  o}:>eration.  In  this  case  the  abscess  was  successfully  evacuated 
ami  the  patient  recovered. 

In  a  second  case  the  temtM'rature  chart  corresponded  pretty 
nearly  to  that  describe*!  by  MacKwen:  the  temj^erature  was  not 
above  98i°  F.  or  below  98°  F.  during  the  week  of  illness. 

*  Pyogenic  Infective  Diseases  of  I  he  Brnin.     MiicMllIiia  Co  p  London^  189S. 

*  New  York  MedicAl  Journal,  Aujfujst  15,  1896. 
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Ill  a  tliirtl  ctm'  the  toni])erature  vhnri  was  much  more  tsiiggestive 
of  nif^riingitis,  varying  from  lOl"^  to  104°  F.  during  the  entire  illne^ss 
of  eight  days.  Hcnre  the  roiiolusioii  must  be  reae hed  that  the  course 
of  temijerature  iw  not  to  be  reHed  ujitjn  as  a  diagnostic  sign, 

Sonietimes  the  rapid  emaciation  of  the  patient,  his  cachectic 
appearance,  with  yellow^  skin  and  general  evidences  of  a  septic  state, 
are  so  marked  as  to  suggest  a  hiteot  abscess^  even  when  the  tem|ier- 
ature  is  low. 

MacEwen  was  the  first  to  call  attention  to  the  <iifferenee  in  the 
I>ercussion  note  over  the  side  of  the  head  upon  w^hich  the  abscess  lies. 
It  is  somewhat  difiirult  to  elicit  tliis  physical  sign.  The  stethoscope 
is  to  be  placed  u|k>ii  the  forehead  in  the  median  line,  or  upon  some 
bald  spot  upnn  the  head,  as  any  contact  with  the  hair  vitiat(*s  the 
test.  The  head  is  to  }>e  struck  with  a  percussion  hamoier  tip}>ed  with 
rubber.  The  note  elicited  varies  very  much  in  different  skulls,  it 
being  vi^y  dull  and  flat  in  a  halyy,  where  the  bones  are  very  thin, 
ami  of  higher  pitch  and  clearer  in  the  adult.  The  patient's  head 
should  not  rest  upon  the  pillow  wliile  the  test  is  api>Iied.  MacEwen 
believes  that  as  the  intracranial  [pressure  increases  the  jiercussion 
note  becomes  lnglie:*r  in  pitcli  and  of  greater  resonance,  and  that  this 
resonance  incre^ises  as  the  disease  advances.  In  four  cases  of  l>raiu 
tum<ir  I  liave  been  abh^  to  confirm  this  statement,  the  note  elicited 
being  of  greater  resonance  and  higher  pitch  over  the  side  of  the  tumor 
than  uijoii  the  opposite  side.  In  alt  these  cases  there  was  a  great 
distention  of  the  lateral  ventrick*s  with  fluid,  a  condition  which 
MacEwen  also  mentions  as  affecting  the  percitssion  note,  In  two 
other  cases  of  i>raiM  tumor,  and  in  two  cases  of  cerebral  idjscess,  no 
essential  difference  could  be  dt^termined  between  the  two  sides.  It 
is  evident,  tlien»fore,  tliat  this  sign  is  one  which  requires  further 
study  before  it  can  l)e  said  to  te  diagnostic,  though  it  apjiears  to 
be  of  consiflerable  value,  and  should  be  more  widely  known  and 
more  commonly  noticed. 

Tenderness  to  percussion  or  to  pressure  is  a  symptom  emphasized 
by  Horsley  as  occurring  in  brain  tumors,  and  it  has  been  observeil  in 
brain  abscess.  It  appears  to  dejxmd  in  both  cases  upon  the  nearnesj* 
of  the  tumor  or  abscess  to  the  surface  or  ujion  a  thinning  of  the 
cranial  lK>n(^s  in  tlie  vicinity  of  the  tumor  or  abscess.  Such  a  thin- 
ning of  the  cranial  bones  occurs  in  some  cases  in  a  very  remarkable 
manner.  Thus  in  a  i>atient  .'suffering  from  tumor  of  the  brain,  sc^en 
at  the  Ne^v  York  Hos|>ifal  with  Feabody,  the  symptoms  pointed  to 
atmnor  located  in  the  |)osteri(jr  central  convolution  at  the  junction 
of  its  uiiper  and  middle  thirds,  there  being  a  paralysis  with  antes- 
thesia  of  arm  and  leg  of  the  opposite  si^ie,  and  over  this  region  there 
was  great  tenderness  tcj  jxTcussion  and  to  pressure  iind  a  marked 
difference  in  the  percussion  note.  At  the  autopsy  in  this  case  the 
bone  wa^  so  much  reduced  in  thickness  over  this  region  as  to  be 
tran-^lucent,  affording  a  sharp  contra**t  to  the  skull  in  other  parts. 
The  tumor,  however,  diil  not  lie  in  contact  with  the  skull  nor  upon 
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the  rortex,  hut  wa.s  tit  least  one  inch  helow  the  Ievt4  (if  the  cortex, 
witliin  tlie  su]x^rior  ptirietal  lobule  and  nearer  to  the  falx  than  to  the 
dura  of  the  convexity. 

Facial  palsy  is  a  symptoiu  which  has  been  observed  in  alxscess 
of  the  eerebellum  from  j)re?5sure  upon  the  pons  at  tlie  exit  of  the 
seventh  n<Tve.  It  is  not  to  lie  forgotten,  however,  that  in  ear  dis4_^ase 
the  facial  nerve  is  frequently  atTectixI  in  its  pa^ssage  through  the  middle 
ear,  and  therefore  this  intracranial  symptom  nmst  not  \ye  overesti- 
materl  as  indicating  either  meningitis  or  aljsccss. 

Optie  neuritis  is  a  sign  of  great  value  in  the  diagnosis  of  cerebral 
abscess  and  especially  in  its  differentiation  froni  meningitis.  In 
Okada's  cases  two-thirtls  of  the  patients  developed  optic  neuritis  in 
one  or  both  eyes.  It  often  occurs  in  thrombosis  of  the  lateral  sinus, 
and  therefore  is  of  less  value  in  differentiating  abscess  from  this  con- 
dition. It  is  to  l>e  rememlx'red,  however,  that  many  afiscesses  of  the 
brain  run  their  course  without  the  deve!o|>ment  of  this  sign. 

It  seems  evident  from  these*  considerations  thai  in  the  diagnosis 
of  cerebral  abscess  very  little  reliance  is  to  be  placed  upon  any  one 
symptom.  It  is  the  combination  of  these  symptoms,  however,  and 
a  certain  order  of  their  developiiient,  which  makes  tlie  diagnosis 
clear.  It  is  possible  to  divide  the  course  of  the  fhs<*ase  into  three 
distinct  {XTiods.  These  are  not  sharply  .'^^parated  from  one  anotlier, 
but  in  looking  back  over  a  case  it  is  fpiite  evident  that  they  are 
distinct.  The  history  of  t!a^  following  case  will  illustrate  the  course 
of  the  disease  follcjwing  otitis  media; 

Male,  aged  thirt^^-six  years.  Had  had  an  attack  of  scarlet  fever  at 
the  age  of  fifteen  years»  which  was  attended  Ijy  an  inllammation  of  the 
middle  ear,  leaving  a  chronic  discharge  from  thi^  riglit  ear  wliich  had 
varied  in  intensity  and  severity  from  time  to  time  during  twenty 
years.  This  otitis  media  had  not  produced  any  pain  and  was  not 
attended  with  any  degree  of  deafness.  Occasionally  the  discharge 
increased  considerably  and  tlien  the  ear  recjuired  some  treatment. 
In  March  he  caught  cokl,  suffered  from  considr'rable  pain  in  the  ear 
and  from  a  sudden  increase  in  the  discharge  of  pus.  The  onset  of 
this  acute  attack  was  attended  by  a  rise  of  temperature,  which  la.sted 
three  or  four  days  and  then  subsided.  The  discharge  was  quit<:^  pro- 
fuse and  was  treated  by  antise])tic  w\ashings.  It  lasted  about  one 
month  and  then  gradually  dried  up,  so  that  the  si>ecialist  under  whose 
care  he  was  ilischargeil  htm  cured  of  the  otitis  media,  the  last  week 
in  April.  This  attack  had  differed  in  no  respect  from  numerous  pre- 
ceding attacks,  and  was  not  consitkTcd  of  any  particular  importance 
by  himself  or  his  family,  but  during  this  ntonth  of  treatment  he 
suffered  from  a  constant  hea<lache  over  the  right  side  of  the  head, 
the  side  upon  which  the  ear  was  affected:  ami  although  this  headache 
was  only  occasionally  intense,  yet  he  was  never  free  from  it  entirt*ly. 
During  tlie  month  he  I  became  more  and  more  nervous  and  irrital>le, 
also  unduly  apj>reheiisive  as  trj  his  own  condition,  and  at  times  he 
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acted  in  a  inarkedly  hyHterical  manner.  He  alno  Iweaiiie  gratlually 
more  and  mom  depressed  and  somewhat  dull,  and  on  two  occasions 
during  the  month  he  voiiitted  :?«iiddenly  without  any  nauj^ea  or  diges- 
tive cause.  He  also  suffered  occasionally  from  dizziness,  and  on  sev- 
eral occasions  felt  faint  when  the  ear  w^as  being  treated. 

On  A|>ril  29th.  a  few"  days  after  the  discharge  from  the  ear  had 
ceased,  his  headache  suddenly  became  intense  and  he  vomited  twice. 
He  became  Yery  much  disturlied  in  his  mind,  w^a.s  nervous,  apprehen- 
sive and  irritable,  felt  faint  and  dizzy.  His  tem[>erature  w^as  98*^  F, 
and  his  pulse  60;  His  tongue  was  coated  thickly,  his  breath  was 
foul,  and  he  had  the  appearance  of  a  man  suffering  from  some  septic 
condition,  but  there  w^as  no  discharge  from  the  ear,  there  was  no 
tenderness  about  the  mastoid,  there  was  no  tenderness  of  the  head 
to  percussion,  the  optic  disks  were  clear,  the  pupils  reacted  pmmptly 
and  were  e(]ual,  the  knee-jerks  were  normal,  there  was  no  disturb- 
ance of  his  gait,  and  although  he  wtis  com|)laining  he  was  able  to  \ye 
up  anil  about.  Tliis  condition  continued  on  April  30th  and  on  May 
1st,  but  on  May  2fl,  after  brisk  purgatives  had  acted  he  seemed  to 
be  better,  though  he  was  still  apprehensive  and  still  suffering  from 
headache,  nausea,  and  somnolence.  His  temperature  had  remainfHl 
constantly  at  9S*^  F.  and  his  pulse  had  varied  fr<im  60  to  SQ,  The 
only  new^  s^anptom  which  had  ajipeared  was  a  tUlatation  of  the 
right  pupiL 

On  May  4th  his  conrlition  had  changed  markedly  for  the  worse. 
He  had  suffered  intensely  from  headache,  the  somnolence  had  in- 
creased, and  he  had  Ix'come  more  dull  and  was  aroused  with  some 
(lifficuity,and  when  aroused  was  fretful  and  irritable,  ami  did  not  talk 
sjjontaneously,  but  only  in  response  to  questions.  This  sonuiolent 
condition  alternated  with  a  state  of  great  restlessness,  in  wdiich  he 
turned  constantly  from  side  to  side,  complaining  greatly  of  general 
discomfort  and  of  pain  in  the  right  side  of  the  heiul.  His  right  pupil 
was  still  dilateil^  iind  though  Ixitti  pupils  reacted  to  light,  theoptic  disk 
of  the  right  eye  was  distinctly  congested  and  slightly  swollen;  but 
careful  examination  failf*d  tt)  reveal  any  paralysis,  any  change  in  the 
reflex  activity^  any  (Usturbance  of  sensation,  and  there  w^as  still  no 
tenderness  over  the  mastoid  anrl  no  tenderness  to  percussion  of  the 
head.  The  temijerature  was  still  98*^  F,  and  the  pulse  52  to  60,  and 
occasionally  irreguiar.  At  this  time  a  diagnusLs  of  abscess  of  the 
brain  was  made,  and  an  ojjeration  was  advised  and  agreed  to.  It  was 
thought  best,  how^ever,  to  defer  it  twenty-four  hours.  On  May  5th 
the  general  condition  had  become  somewhat  worse.  Ttie  tempera- 
ture w^as  slill  98^  F.,  the  pulse  52,  but  varpng  much  in  its  regularity, 
though  never  intennittent.  His  respirations  w^ere  regular.  He  lay 
in  a  state  of  stupor,  was  aroused  with  great  difficulty,  his  right  pupil 
w^as  still  dilated,  the  o[>tic  disks  congested, anil  the  left  side  of  the  face 
was  slightly  Hattened,  this  being  the  only  evidence  of  paralysis  that 
could  be  elicited.  The  knee-jerks  WTre  still  normal  and  equal  He 
w^as  restless  in  spite  of  his  stupor,  and  occasionally  had  an  expression 
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^>|l|pain  iipnii  1)18  face  ami  woulc!  put  his  han<l  tti  the  right  *sidp  of  his 
Ifead  as  if  in  pain.  In  spite  of  tin*  iil>«eiK'e  of  more  cletimte  symptoms 
it  was  decided  to  make  an  exploratory  trephining  over  the  right 
t€»mporo-spherioidal  lobe,  mui  preparations  were  begun  for  this  opera- 
tion :  hut  beforf^  the  operation  was  begun  he  sudiienly  hud  a  spasm 
of  the  entire  left  side  of  the  body,  and  died.  No  autopsy  was  jjer- 
mitted,  but  in  view  of  the  sudden  death  it  sei?med  probable  that  an 
abscess  of  the  brain  which  had  developed  subsequent  to  the  ear  dis- 
ease had  suddenly  ruptured,  probably  into  the  lateral  ventricle. 

In  reviewing  the  case  it  is  evident  that  the  first  period  of  the  disea.se 
coincidef]  with  the  intmth  during  which  the  patient  was  being  treated 
for  otitis  media,  and  during  which  he  hatl  suffered  from  heatiache  and 
irregular  eerebrid  symtitoms.  The  second  i)eriod  of  the  disease,  or 
the  period  of  acute  onset  Jx^gan  on  Ajjril  29th  and  histed  for  tliree 
days,  merging  gradually  into  the  third  period  of  termination,  tlie 
beginrung  of  which  was  shown  by  the  onset  of  stupor. 

A  reference  to  the  published  histories  of  abscesses  by  Bacon*  and 
others  will  show  that  three  periods  of  similar  limit  can  be  distin- 
guished, and  therefore  it  swms  evident  that  in  the  diagno.<is  o{  ab- 
scess of  the  brain  the  combination  of  the  symptoms  in  a  regular 
succession  of  stages  rather  than  the  existence  of  any  one  symi>tom 
is  of  the  greatest  aid  in  diagnosis. 

The  distinguishing  characteristics  of  these  periods  may  l>e  briefly 
enumerated  as  follows:  The  prelindnary  period,  during  which  slight, 
irregular,  and  variai>le  C4:Tebral  symptoms,  chiefly  paroxysmal  pain 
and  a  dull  ache  in  the  head,  occasional  v'omiting,  and  a  hick  of  power 
of  concentration,  with  mental  fatigue  developing  etLsily  and  unusu- 
ally, are  the  chief  symptoms.  During  this  jXTiod  occasional  rises 
of  tem{)erature  with  chilly  sensations  or  even  an  occasional  chill  may 
be  noticed,  and  the  patient  hi\s  the  malaise  of  a  slight  septic  infec- 
tion. During  this  period  the  ear  may  discharge  freely  or  the  dis- 
charge may  gradually  cease,  A  sudden  cessation  of  the  dist'harge, 
and  a  sudden  fall  of  tem{)erature  to  a  point  l>elow  normal  two  or 
three  days  after  the  discharge  has  ceas<*<l,  is  a  quite  common  method 
of  termination  of  this  stage;  hence  the  cessation  of  u  discharge  in  a 
chronic  otorrhcea,  if  the  discharge  has  been  attended  by  febrile  svinp- 
toms  for  a  few  \^^eeks  or  days,  and  if  the  ceswsation  is  attended  by  a 
sudden  fall  of  temptTature,  the  patient  continuing  to  feel  ill,  witJi 
indefinite  cerebral  sensations,  is  very  suggestive  of  the  formation  of 
cerebral  abscess. 

In  the  second  stage  all  the  symptoms  that  liave  l:R*en  already 
enumerated  may  occm  in  varying  combination  antl  in  varying  sever- 
ity: the  increasing  mental  stupor,  alternating  with  irritability  and 
restlessness;  the  general  septic  appearance  of  the  patient,  either  with 
irregular  temperature  or  low  temperature  and  with  ^lersistently  slow 
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piibo:  iiKtro  serioiLs  dLsturl>ance  of  digestimi  tliaii  vnn  Up  accounted 
for  \\y  the  ap])areiil  j2;a.strie  eoiiilitions,  arul  the  development  of  ob- 
jective cerebral  symptoms;  tliffereiice  in  the  size  of  the  i:m|>ik ;  optic 
neuritis,  facial  palsy,  increase  of  reHexes  in  the  limbs  of  the  side 
opposite  to  the  lesion — all  these  symjitfjms  are  suggestive  of  cerel>ral 
abscess.  It  L^  in  this  staj^e  that  o}>eration  should  be  performed  if  the 
diagnosis  seems  reasonably  [jrobable^  for  if  Uie  patient  goes  on  to  the 
ternunal  state,  in  vvliich  deep  stupor  is  the  chief  characteristic,  the 
operation  will  probably  be  too  late. 

The  position  of  the  injury  in  such  cases  will  intlicate  the  point  to 
be  trei>hined.  In  abscesses  of  the  convexity  of  the  hemisphere  fol- 
lowing trauma  the  local  symptoms  of  lesion  will  l>e  those  alreaiiy 
studied  iis  characteristic  of  cortical  lesion,  especially  unilateral  spasm 
arid  i>aralysis  or  aphasia,  henuanopsia,  or  hemiana'sthesia. 

There  are  very  few  localizing  synn>toms  of  cerebral  disea.se  in 
abscesses  following  otitis  media,  ft^r  tlie  fuiictitnis  of  the  temporo- 
sphenoida!  lobe,  and  especially  of  that  part  of  it  which  lies  next  to 
the  petrou^s  portion  of  the  tenij)ural  bone,  and  the  functions  of  the 
eerebellum,  so  far  iis  its  lateral  lobes  are  concerned ,  are  not  fully 
known.  There  are  a] jparently  few  distinct  eereliral  symptoms  that 
develop  uniforndy  in  abscess  of  these  regions:  but  in  abscess  of  the 
temporo-sphenoidal  lobe  of  the  left  hemisphere  a  certain  form  of 
aphasia  has  recently  been  observed  which  deserves  attention.  It  will 
be  remembered  that  in  the  first  and  second  t(*mp(>ral  convolutions 
are  located  the  memories  <if  words  heard,  the  relative  degree  of  devel- 
opment of  this  functif)n  of  the  cort**x  varying  much  in  inili\dduals 
of  different  degrees  of  educatifm.  It  is  also  to  be  rememl)ered  that 
in  the  occiintal  lobe  are  locat-ed  the  nnnnories  of  ol>jects  and  of  wordi* 
seen.  In  1N89  Freund^  described  a  condition  which  he  named  o|jtical 
aphasia.  This  consists  in  an  inaljility  to  lumn^  objects  which  are  seen 
and  recognized  and  w^hose  use  can  l>e  tlescribeiL  Sometimes  the 
name  can  be  recollected  if  otlier  senses — touch,  smell,  and  taste — are 
called  in  {a  aid  sight,  Freund  says;  ''Granting  that  the  function 
of  naming  olijects  seen—?",  e,,  making  an  a,ssociation  between  the 
visual  pictiu-es  of  the  object  and  the  auditory  picture — is  performed 
through  the  association  tracts  between  the  occi(>ital  lobe  antl  the 
si>eech  centres,  the  exjilanation  oi  a  *!istmi>ance  of  this  functifni  Is 
found  in  a  lesion  which  interf(*rps  with  the  act  inn  u{  the  association 
tract.  Such  a  lesion  in  right-handed  pei'stms  must  lie  in  the  tem- 
poral lobe  of  the  left  liemispli<*re/*  Tiiis  localization  has  l>een  sub- 
stantiated by  Freund  by  several  autopsies.  Arnold  Pick'  in  a  well- 
observed  ease  of  cerelmil  absces.s  has  descrif>ed  tliis  sympttjm  of  opti- 
cal a|)hasia  fnllv  and  made  it  the  basis  of  a  thagnosis  iif  tlu*  Idealiza- 
tion of  a  cerebral  abscess  which  the  oj>eration  conhnned.  In  a  case 
reported  by  liaccnr^  I  had  the  opjiortunity  of  studying  this  defect  of 
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sjif^ech.  It  is  alluded  to  m  Bafun  s  history  a.s  verbal  airinrsiap  or  an 
aphasia  of  conduction.  I  was  unaware  of  the  description  {)f  Freund 
at  the  time,  and  the  case  was  seen  Iwfore  the  appearance  of  Pick's 
article.  I  can  confirtn  fully  the  description  of  Freund  and  of  Pick, 
and  therefore  call  attention  of  KnKlish-sj>eaking  {physicians  to  this 
S3'tiiptnni.  When  the  jmtient  is  shown  olijects  he  knows  them,  but 
he  cannot  name  them .  He  can  understand  and  recognize  t lieir  names, 
however.  He  can  talk  well  anil  will  tleseribe  the  object,  avoiding  its 
name.  Thus  he  will  say,  wlien  shown  a  knife,  ''Yes,  I  know  it:  it  is 
iiseci  t(i  cut  with/'  etc.  He  can  rei>eat  tlie  name  iHTfectly.  He  can 
often  name  the  object  if  he  handles  it  or  smells  it  or  tastes  it,  but 
tlie  name  does  not  come  to  liis  mind  when  he  sees  the  object.  I 
noticed  in  Bacon's  case  a  further  difficulty  which  this  patient,  who 
was  very  intellia;ent»  also  recognized.  When  the  name  of  an  object 
was  given  it  wa.s  not  possible  for  him  at  f>nce  or  easily  to  call  to  his 
mind  the  apjiearance  of  the  object.  In  a  word,  it  was  as  difficult  for 
him  to  make  an  association  lietween  his  auditorv  and  his  visual 
centres  as  it  was  to  make  one  between  his  visual  and  his  auditorj' 
centres.  This  Is  a  feature  ttf  the  conflition  not  noted  by  Pick.  This 
symptom  of  optical  aphasia.or  intercortical  sensoryaphasia,a.s  I  name 
it,  is  due  to  a  sus|>ension  of  function  of  an  association  tract  l>in^  in 
the  temporo-occipital  lobes  and  occupying  the  white  matter  deep 
under  the  cortex.  It  lies  in  a  position  in  which  it  is  almost  inev- 
itably affectetl  by  abscess  of  the  tempfiral  lnbedevelo[iing  after  otitis 
o^edia.  This  symptom  should  therefore  always  be  looked  for,  and 
may  be  regarded  of  highest  value  in  locating  the  abscess.  In  left- 
handetl  ]>ersons  it  will  occur  in  abscess  of  the  right  side.  (See  Plate 
XIX,  and  page  466  on  ai>h£isia.) 

When  an  abscess  in  the  temporal  lobe  extends  inward  it  may  com- 
press tlie  internal  capsuh^  and  thus  give  rise  to  symptoms  of  slowly 
increasing  hemifjlegia.  hemiana:\sthesia,  and  hemianoi)sia  upon  the 
opposite  side  of  the  btnly.  In  a  case  of  OppenhtMm's,  operated  upon 
by  Jansen,  these  synijUnms  were  jiresent.  There  was  also  a  conju- 
gate  ileviation  of  the  eyes  to  the  side  of  the  abscess. 

The  cliief  local  symptoms  of  cerebellar  abscess  are  vertigo  and  a 
staggering  gait.  The  vertigo  is  sometimes  so  severe  that  the  patient 
cannot  raise*  the  head  from  the  pillow,  antl  cannot  even  attem[)t  to 
stand.  It  is  often  aKsociated  with  vomiting  and  sometimes  with 
double  vision  and  nystagmus.  The  vertigo  may  learl  to  a  staggering 
gait,  but  this  may  develop  without  true  V(*rtigo.  The  j)atieiit  walks 
like  a  ilruoken  man,  gras|>s  at  objects  for  su|ii>ort,  and  is  unal>le  to 
walk  a  line.  Sometimes  there  is  a  loarked  tendency  to  stagger 
toward  one  side.  This  is  usually  towanl  the  side  of  the  abscess.  In 
cases  of  cerebellar  abscess  the  pressure  exerted  upon  the  side  of  the 
pons  or  medulla  may  lead  to  symptoms  of  cranial  ner\'e  involvement 
ii}Hm  the  side  of  the  abscess.  In  cerebellar  lesions  there  is  stimetimes 
a  loss  of  knee-jerk  on  the  side  of  the  le.sion.  If  there  is  at  the  same 
time  a  pressure  on  the  pons  there  will  be  an  exaggeration  of  knee- 
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jerk  oil  the  other  .side.  The  absence  of  syrnploiiii?  of  tempural  lobe 
lesion  in  a  ease  where  absoess  is  probable  may  lead  to  an  exploration 
of  tlie  efTel>ellum. 

Diagnosis.  The  diagnosis  of  cerebral  abscess  does  not  appear  to 
be  ver3'  difficult  in  ordinary  traumatic  ease.s^  for  there  ij?  a  historj^ 
of  the  original  injury,  of  its  exact  location,  and  of  the  development 
of  a  series  of  cerel>ral  symptoms  pointing  to  a  localized  disease  in  the 
brain.  If,  then,  the  location  of  the  wound  in  the  head  and  the  locali- 
zation of  the  cerebral  disease  based  upon  the  nervous  syiiiptonis 
coincide^  there  is  little  tloubt  as  to  the  existence  of  the  abscess. 

Where  there  is  no  history  of  a  cause  the  diagnosis  is  much  more 
difficult,  as  it  is  sometimes  impossible  to  differentiate  the  condition 
from  acute  encephalitis.  Thus  in  a  patient  seen  with  James  the 
development  of  acute  cerebral  symptoms  during  ten  days  suggested 
abscess.  The  patient  was  a  pregnant  woman,  io  the  eighth  month. 
No  history  of  any  of  the  causes  of  abscess  could  lie  obtainecL  She 
developed  exophthalmus  of  the  right  eye  and  a  slowly  increasing 
left  hemi]ilegia,  with  liigli  temperature.  The  autopsy  showed  a 
large  abscess  on  the  surface  of  the  right  frontal  region,  but  no  source 
of  infection  could  be  a^scertaieed. 

In  cases  of  otitis  media  three  se[>arate  conditions  may  su{>ervene 
which  are  often  difficult  of  differentiation.  These  are  cf^ebral  ab- 
scess, meningitis,  and  thrombosis  of  the  lateral  sinus.  The  relative 
frequency  of  these  conditions  is  about  the  same.  Thus  in  thirty-six 
eases,  collected  by  Poulsen,  of  cerebral  complications  of  ear  diseas;* 
there  were  thirteen  cases  of  abscess,  twelve  cases  of  thrombosis,  and 
eleven  ca>;es  of  meningitis. 

In  meningitis  there  is  usually  a  more  rapiil  onset  and  progress  of 
the  symptoms  than  in  brain  abscess.  In  meningitis  tlie  Iicadache  is 
associated  with  hypera^sthesia  to  sound  and  to  light,  and  to  touch  all 
over  the  l>ody,  symptoms  wliich  are  absent  in  abscess.  In  meningitis 
the  temperature  is  high,  varies  between  101°  and  104*^  F.,  and  rarely 
if  ever  gof^s  below  normal.  It  does  not  show^  the  rapid  rises  and  falls 
wliich  occur  in  thrombosis  of  the  sinus<^s.  In  meningitis  the  pulse 
is  rapid,  irregular,  and  iiUerniittent,  while  in  abscess  it  is  slow.  In 
meningitis  there  are  tXTasional  twitchiiigs  or  spasm  of  tlie  limbs,  or 
convulsions;  strabismus  a|>f>ears  early,  trismus  is  common,  and  pain 
and  rigidity  of  the  neck  are  complained  of,  as  the  disease  advances. 
These  sym|itoms  are  wanting  in  brain  abscess.  In  case  of  doubt 
lumbar  puncture  will  reveal  the  presence  of  micro-organisms  in  the 
cerebro-spinal  fluid  in  meningitis,  but  not  in  brain  abscess. 

In  thrombosis  of  the  lat^^ral  sinus  high  fever  with  pyiemic  varia- 
tions in  range  and  frequent  chills  are  the  rule.  The  temixTatiu^e  in 
the  course  of  twenty-four  hours  may  twice  sink  lielow  normal  and 
rise  to  105*^  F.  The  pulse  is  very  rapicl  and  irregular,  but  not  intf^r- 
mittent.  There  is  tenderness,  swelling,  and  fedema  over  the  mastoid 
process,  and  i edema  of  the  neck,  and  tfie  jugular  vein  may  stand  out 
as  a  hard  blue  cord  on  the  side  of  the  neck,     Exophthalmus  on  one 
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side,  and  even  swelling  of  the  conjunctiva,  may  be  seen*     There  is 
often  a  marked  venous  congestion  of  the  scatp.     Choked  disk  appears 


Fig.  227. 


^ 


JfoZ. 


^ 


•-s. 


Lateral  aafiect  of  a  small  adult  slculL  The  Ulustratioc  ^bowi  the  relations  of  the  lateral  ^Xnui 
to  the  oater  wall  of  the  crantal  o&vlty  ftDd  tbe  poeiUon  of  the  trephine  opening  (a),  which  should 
be  made  when  it  is  deemed  neceasary  lo  expose  It.  The  tmse  ilac  (Reid's)  paieeit  through  the 
middle  of  the  external  auditory  lueatun,  and  touches  the  lower  maiigiii  of  the  orbit ;  it  is  umrked 
out  In  eighths  of  an  Inch,  aa  are  aluo  the  perpendicular  lines  drawn  from  it  The  measuiemetita 
are  made  along  the  btue  line  from  the  middle  of  the  bony  meatus.  The  drawing  also  shows  the 
OonToldtlons  of  the  temporo-sphenoidal  lobe,  the  SylvlaD  fissure,  and  the  pcxildon  of  the  lower 
end  of  the  Assure  of  Rolando  (Rol.)  x  x  indicates  the  site  of  the  tentorium  as  far  as  it  is  in  relaUoti 
to  the  external  boundary  of  the  «JtiiU.  The  anterior  x  shows  the  point  where  the  tentorium 
leiLTes  the  fide  of  the  skull  and  is  attached  to  the  Kuperior  border  of  the  petrous  bone,  a,  trephine 
opening  to  ex];Hnse  sinna,  fiv»«igbths  of  an  inch  tn  diameter,  1^  centre  being  one  Incb  behind  and 
a  quarter  of  an  Inch  above  the  middle  of  the  bony  meatus.  This  opening  can  easily  be  enlarged 
upward  and  backward  and  downward  and  forward  (see  the  dotted  lines)  by  tnitahle  angular 
cutting  bone  forceps.  It  is  always  well  to  extend  It  forward^  so  as  to  oi^en  up  tbe  mastoid  antrum 
(c)  and  the  gutter  of  the  carious  bone  (if  there  be  one),  which  leads  from  the  aiUrum.  tympanum. 
or  meatyi4i  down  to  the  bony  groove.  The  position  of  the  trephine  openings,  which  must  be 
made  for  the  relief  of  Inflammatory  Intracranial  aifectious,  secondary  to  disi^se  of  the  ear,  other 
than  for  slntis  pyttmia,  have  been  added  t*)  the  drawing  for  the  sake  of  contrast  and  completenett. 
They  are  aa  follovs^  :  b,  trephine  opening  to  explore  the  anterior  surface  of  the  petrous  bone,  tbe 
roof  of  the  tympanum,  and  the  pelro-squamous  fissure,  half  an  inch  in  diameter,  its  centre  being- 
situated  a  short  Inch  (seven-eight  bg  of  an  inch)  vertically  above  tbe  middle  of  tbe  meatus.  At  the 
lower  margin  of  this  trephine  hole  a  probe  can  be  insinuated  between  the  dura  and  bone,  and 
made  to  search  tbe  whole  of  the  anterior  surface  of  the  petrtnis.  c,  trephine  opening  for  exposing 
the  mastoid  antrum,  a  quarter  of  an  inch  in  diauieter,  and  half  an  inch  behind  and  a  (quarter 
of  an  inch  above  the  centre  of  tbe  meatus ;  or  a  quarter  of  an  Inch  above  the  centre  of  the  meatus 
and  a  quarter  of  an  Inch  behind  Its  posterior  border.  The  trephine  should  be  directed  inward  and 
slightly  downward  and  forward  When  a  superficial  disk  of  bone  has  been  removed,  it  is  well  to 
complete  the  operation  with  the  gouge.  A  larger  trephine  may  with  advantage  be  employed, 
especially  in  adulb*  d,  trephine  opening  for  tempon>sphenoidal  abscess,  half  an  inch  In 
diameter.  Rltuatlou  recommended  by  Barker,  one  inch  and  a  quarter  behind  and  one  inch  and 
a  quarter  above  centre  of  meatus.  The  nt>edlc  of  the  OAplrator  is  to  be  directed  at  tint  Inward  and 
a  little  downward  and  forward.  Birmingham  prefers  one  and  three-fourths  of  an  inch  above,  in 
order  to  avoid  the  lateral  kIuub.  e,  trephine  opening  for  cerebellar  abscess,  half  an  Inc^  In  diam- 
eter and  one  Inch  and  a  half  behind,  and  a  q^iarter  of  an  Inch  below  tbe  centre  of  the  meatus^ 
Birmingham  prefers  two  Inches  behind  and  one  Inch  below  to  avoid  the  occipital  artery.  The 
anterior  tturder  of  the  trephine  should  Just  be  under  cover  of  the  posterior  border  of  the  mastoid 
process.  The  drawing  shows  that  a  trephine  hole  naade  in  this  situation  is  Ihr  away  from  the 
lalemt  sinus,  and  that  the  irrxax  and  canula  of  the  aspirator,  if  directed  forward,  tnwaid,  and 
upwafd^  would  hit  an  abscess  occupying  the  anterior  [lart  of  tbe  lateral  lobe  of  the  cerebellum, 
which  is  the  usual  rite  of  coUeetloos  of  pus  in  this  part  of  Uie  hnin.^Ftom  Srain  Surgery,  by 
Starr,  p.  19(3.    (BallaaceO 
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early  in  the  course  of  the  case.  All  of  these  symptoms  serve  to  distin- 
guish the  disease  from  abscess. 

The  <iijigno8is  of  cerebral  abscess  arising  under  other  conditions  is 
never  positive.  But  when  a  cause  is  present  and  cerebral  symptom;^ 
such  as  have  I>een  Lli\scrilKxI  occur  hi  a  definite  series  of  stages  the 
probability  nf  an  abscess  is  very  great. 

The  progiiosis  will  depend  wholly  upon  the  possibility  of  evaiC- 
uating  the  absces,s  and  draining  it  successfully. 

Treatment.  The  only  treatment  in  a  brain  abscess  is  surgical. 
In  a  collection  of  55  cases  of  abscess  of  the  brain  whicli  have  been 
operated  upon  I  founrl  that  28  occurred  after  injuries,  24  after  ear 
disease,  and  3  after  tyiihoid  fever.  Of  these  34  recovered  and  21 
died.  Oppenh<*ii!i  lias  recently  publisheil  more  extensive  statistic;?. 
In  60  eases  of  traumatic  abscess  operated  upon  38  cases  recovered. 
In  196  cases  of  otitic  abscess  96  were  cured.  In  cases  of  injuiy  and 
fracture  of  the  skull  trephining  should  be  undertaken  early,  the  local 
trauma  conibiniiig  wit!i  the  local  symptoms  to  guide  the  surgeon. 

Fig.  227  shows  the  relation  of  tiit*  skull  to  the  convolutions  of 
the  temporal  lobe  and  cerebellum,  and  also  the  position  of  the  lat- 
eral sinus.  Tlie  rules  given  by  Ballance  for  trephining  in  the  cases 
developing  after  otitis  media  are  given  in  the  explanation  of  the 
figure. 

While  the  differentiation  of  abscess  of  the  brain  froTu  thrombosis 
of  the  lateral  sinus  and  from  meningitis  is  of  great  interest  to  the 
physician,  yet  it  must  be  clearly  stated  that  it  is  not  absotut<»ly 
necessary  to  differentiate  these  conditions  before  deciding  upon  the 
question  of  surgical  treatment.  It  must  be  agreed  that  all  three 
conditions  are  neces^sarily  fatal  to  the  patient,  and,  therefore,  that  any 
means  which  may  offer  a  reasonable  amount  of  relief  to  any  or  all 
should  l)e  employed  at  the  earliest  possiljle  moment  without  waiting 
for  absolute  diagnosis.  If  the  condition  is  one  of  meningitis  the 
patient  will  die  whether  operated  upon  or  not,  and  the  operation  will 
not  do  any  harm.  If  the  condition  is  one  of  abscess  or  of  sinus 
thrombosis,  the  operation  may  give  rehef,  and  if  one  condition  is  not 
found  the  other  may  Ijc  souglU  for.  When  it  is  considered  that  a 
few  years  ago  botli  thes<*  condi lions  were  considered  necessarily  fatal, 
and  when  it  is  known  that  within  the  last  two  years  the  immber  of 
successful  operations  reported  for  brain  abscess  has  been  large,  it  is 
evident  that  surgeons  are  appreciating  the  necessity  of  this  procedure. 
And  when  it  is  furtiier  learned  that  of  the  92  aliscesses  reported  to 
July  I,  1895,  by  Korner  51  recovered,  and  of  the  79  cases  of  sina«5 
thrombosis  41  recovered,  it  is  evident  that  surgery  has  done  a  great 
work  in  the  treatment  of  these  conditions.  This  is  not  the  place  to 
give  detaikxl  histories  or  analyses  of  these  o]^rations.  It  Is  evident, 
however,  from  their  study,  that  the  cases  in  which  success  did  not 
attend  sui^gical  procedure  were  those  in  which  the  operation  had  been 
delayed  too  long  or  had  not  been  thoroughly  exploratory.  \\'hen  it 
is  considered  that  the  part  of  the  brain  which  is  usually  involved  in 
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the  abscess,  viz.,  the  teiiiporal  lobe  or  the  cerebellar  hemisphere,  nuiy 
be  destroyed  wiib(iut  producing  any  local  syin]>tonis,  uiid  when  it  is 
found  that  the  patients,  after  the  evacuation  of  abscesses  as  large  as 
a  hen's  egg,  may  recover  without  the  apparent  loss  of  any  cerebral 
function,  it  seems  jus titiable  at  the  time  of  the  operation  to  explore 
the  l.)rtiin  tlioroughly  in  these  regions  without  fear.  Large  incisions 
may  be  made  into  the  biuse  of  the  tem|>orrKsj>lieiioidai  lol)c  or  into  the 
lateral  lobe  of  the  cerebellum  without  doing  any  harm  except  from 
the  attendant  hemorrhage.  If  tlie  abscess  is  not  found  on  exploring 
the  temporal  lolie  it  isaclvisable  to  ex[>lore  the  cerebellum. 

Iiiasiimch  as  almost  all  lirain  abscesses  have  a  thick  capsule  and 
contain  very  thick  pus,  it  is  not  sufficient  in  the  exploration  to  merely 
puncture  with  a  needle  or  with  a  small  trocar,  as  the  wall  may  be 
pusher!  before  t  hose  instruments  and  not  punctureil.  I  w^ould  strongly 
urge  the  use  of  an  instrument  devised,  I  believe,  by  Horsley  for  the 
exploration  of  the  deejx'r  i)arts  of  tlie  brain.  This  instrument  re- 
sembles closely  a  large  ear  speculum,  l>ut  is  sharp  at  the  end  and  is 
placed  upon  a  scissoi-sdike  handle  and  is  split  in  two  parts,  so  that 
after  its  introduction  its  sides  may  be  sej)arated,  allowing  a  view  of 
the  bottom  of  the  cavity  into  which  it  is  intr(3^UlcetL  By  pushing 
such  a  sf>eculum  into  the  brain  tissues  gently  an  incision  of  the  vessels 
can  be  avoided,  the  resistance  of  the  capsule  of  the  abscess  more 
easily  detected,  and  the  a^  all  can  be  seen  lie  fore  and  during  the  time 
of  its  incision. 

The  question  of  drainage  of  these  abscesses  is  also  one  of  great 
mterest.  It  is  to  be  remembi*red  that  the  cavity  of  the  abscess  in 
the  inajority  of  cases  is  large  an<l  that  it  will  require  some  time  for 
it  to  contract  or  for  its  w*alls  to  apj>roximate,  and  for  the  cavity  to 
be  obliterated.  Unless  thorough  drainage  is  maintainei!  thiring  tliat 
time  the  abscess  will  reai>pear.  The  tendency  of  the  brain  tissue  to 
collapse  is  so  great  that  unless  the  drainage  Ls  maintained  by  a  fairly 
stiff  tube  it  will  not  l)e  successful;  hence  it  has  seemed  to  me  that 
a  small  roll  of  rulil>er  tissue  or  a  ilecalcified  bone  tube  is  preferable 
to  horse-hair  or  to  gauze. 

The  practical  conclusion,  therefore,  which  experience  has  taught  is 
this:  that  when  a  cerebral  abscess  seems  probable  from  the  history 
of  the  case  and  from  the  symptoms  which  have  developed,  and  the 
general  progress  of  the  case  demonstrates  the  existence  of  an  increas- 
ing and  serious  focal  disease  of  the  brain,  it  is  advisable  to  operate, 
even  though  the  symptoms  Tuay  not  be  absolutely  typical  and  may 
present  many  variations  from  their  iLsual  form. 

The  rapidly  increasing  fx^rcentage  of  recoveries  after  operation 
warrants  a  degree  of  boldness,  provideii  the  surgeon  is  careful  in  the 
observ^aoce  of  every  rule  of  asepsis,  without  which  precaution  such  a 
venturesome  operation  w^ould  be  criminal. 


CHAPTER    XXXI, 
THROMBOSIS  OF  THE  VENOUS  SINUSES. 

The  various  venous  sinuses  of  the  cranium  and  their  communica- 
tions are  shown  in  Figs.  207  and  228.  A  thrombus  may  form  in  any 
of  these  sinuses,  but  it  is  in  the  lateral  or  trans%'erse  sinus  that  it  is 
most  commonly  found. 

Etiology.  Thrombosis  is  the  result  of  a  phlebitis  of  the  wall  of 
the  sinus  due  to  an  extension  to  it  of  an  inflammatory  process, 
usually  of  a  septic  nature,  in  the  inime<liate  vicinity,  viz.,  from  the 
dura  mater  in  pachymeningitis,  from  the  bone  and  veins  after  otitis 
media,  or  chronic  na^al  disease  or  orbital  disease.  Occasionally 
thrombosis  may  be  secondary  to  septic  processes  elsewhere^  especially 
abscesses  and  carbuncles.  In  all  these  cases  the  thrombus  is  infected, 
contains  bacteria,  and  if  it  breaks  up  and  its  particles  are  carried 
onward  it  causes  infective  emboli  in  other  organiii,  and  pyiemia.  In 
children  dying  of  marasmus,  in  chronic  invalids  who  have  suffered 
from  exhausting  diseases  and  have  died  of  heart  failure^  in  a  fewj 
cases  of  fatal  infectious  fevers,  and  in  cases  of  chlorosis,  thrombi  lmv< 
been  found  in  the  sinuses  without  phlebitis,  and  in  these  eases  they] 
have  l>een  ascribed  to  the  state  of  the  blood.  The  pressure  of  a 
brain  tumor  or  of  a  dural  tumor  occasionally  leads  to  thrombosis. 
In  a  collection  of  cases  by  .-Ulport*  118  out  of  128  cases  were  sec- 
ondary to  otitLs  media.  The  majority  of  cases  occur  between  the 
age^s  of  fifteen  and  twenty-five  years. 

Pathology,  The  throml>us  may  be  confined  to  one  sinus  or  even 
to  a  portion  of  it,  or  it  may  invade  several  of  the  sinuses  by  gradual 
extension.  It  often  projects  into  the  veins  vvliich  leafi  out  of  the 
sinus.  It  is  usually  a  soft  clot  adherent  to  the  wall  of  the  sinus. 
The  wall  Ls  slightly  roughened.  If  time  has  permitted,  the  clot  may 
become  hard  or  even  organized.  If  septic  it  is  foul  in  odor,  broken 
down,  yellowish-green,  and  purulent,  and  the  adjacent  wall  is  covereil 
with  pus,  Tha'^  in  a  patient,  operated  u|»on  for  me  by  Abbe,  with 
lateral  sinus  thrombosis  secondary  to  ear  disease,  a  purulent,  fetid, 
green  mass  occupied  the  sinus  near  the  ear,  a  long  clot  was  extracted 
from  the  posterior  part  of  the  sinus,  another  was  pulled  up  from  out 
of  the  jugular  vein,  in  which  a  hard  thrombus  had  formed  whicli 
could  be  felt  in  the  neck;  the  wall  near  the  purulent  mass  was  rough, 
softenetl,  e\idently  infiltrated  with  pus.  In  this  case  the  jugular  was- 
tied  before  the  sinus  was  opened.     The  patient  recovered. 


^  JouTDal  of  Uie  American  M«dical  AaoociiiUoii,  1902,  p.  690. 
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In  patients  who  die  a  congestion  of  the  brain  is  found  in  the  area 
whose  blood  empties  into  the  sinus  that  is  the  site  of  thrombosis, 


KDi]  ilQUBeB.    (Pnmi  MAoEvren,) 


and  an  acute  hemorrhagic  softening  with  infarction  has  been  found. 
In  these  cases  also  multiple  septic  emboli  are  foimd  in  other  organs. 
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Sjnuptoms.  Tliromlx>sis  of  the  longitudinal  sinus  is  extremely 
rare  and  oenurs  eliiefly  as  the  result  of  septic  pachymeningitis  or  in 
case.s  of  marasmus.  In  both  eondition^^  its  oecurrenct?  is  rarely  tiia|^- 
nosticated,  the  only  symptom  indicative  of  it  being  a  nuirked  venous 
stasis  in  the  scalp.  When  this  is  present  the*  veins  of  the  entire 
cranium  are  distended,  including  those  of  the  orljit  anrl  eye.  In  a 
case  of  Uppenheini's,  ckie  to  elilorosis,  choked  disk  was  seen  in  both 
ej'cs.  Nose-bleed  has  been  oljserved,  and  bulging  of  the  fontanelle 
in  infants. 

Thrombosis  of  the  lateral  sinus  is  a  frequent  complication  of  otitis 
media,  and  its  diagnosis  rests  partly  on  the  prior  existence  of  this 
disease  with  its  symptoms  of  earache,  puriUent  discharge,  headache, 
an<l  general  malaise.  It  causes  a  venous  congestion  of  the  mastoid 
region  and  u'llema  over  the  mastoid,  with  pain  and  tenderness ;  a  swell- 
ing and  thrombosis  in  the  jugular  vein  which  cnn  be  felt  a,s  a  hard 
cord  in  the  neck  in  one-third  of  the  cases,  or  an  unusual  emptiness  of 
this  vein  detected  in  insjiiration  (Gerhardt's  symptomK  a  swelling  of 
the  cervical  glands,  pain  in  the  neck  on  motion  of  the  head  and 
sometimes  on  swallowing,  nystagmus  and  occasionally  torticollis,  the 
patient  holdingthe  head  towartl  the  affected  side  toavoiil  pain.  There 
is  a  choked  disk  in  over  one-half  of  the  cases  within  the  fij^st  week. 
The  general  constitutional  symptoms  of  tlu-ouilmsis  of  the  lateral 
sinus  are  very  similar  to  those  of  brain  abscess,  and  the  reader  is 
referreil  to  that  chapter  for  the  few  jioints  of  distinction  which  can 
be  made.  Tlie  disease  often  begins  with  a  chill  and  high  fever  ( U>i*^- 
106°  F.)^  headache,  vomiting,  vertigo,  stupor,  and  delirium,  and  these 
are  soon  followed  by  local  cerebral  symptoms,  such  as  hemispasm  or 
paralysis,  aphasia,  or  some  affection  of  the  crania!  nerx^es.  The  fever, 
as  a  rule,  continues  high  with  frecpient  intermissions,  and,  if  septic 
emboli  lodge,  each  gives  risi*  to  a  chill,  a  fall  of  temperature  below 
normal,  and  a  rise  to  105*^  or  106°  F.  Profuse  sweating,  rapid,  irregu- 
lar pulse,  diarrhtpa,  jaimdice,  and  local  signs  in  lungs,  liver^  spleen, 
an<l  kiilneys  establish  the  existence  of  pyaemia.  Death  follows  in  the 
course  of  ten  days  unless  surgical  treatment  is  efficacious. 

Throml)(»sis  nf  the  cavernous  sinus  occurs  in  cuniiection  with  nasal 
and  orbital  dise^ise.  Its  local  symptoms  are  cedema  and  swelling, 
with  venous  congestion  in  the  face  antl  about  the  eye,  nasal  hemor- 
rhage, exophthahnus,  and  distention  of  the  retinal  veins.  Various 
forms  of  sirabismus  invarialily  apf>ear  as  the  oeulomotor  and  abdu- 
cens  nerves  pass  through  the  walls  of  the  sinus. 

Tlie  prognosis  is  absolutely  fatal  excepting  in  the  cases  where  an 
operation  can  be  performed  in  time — viz.^  in  thrombosis  of  the  lateral 
sinus, 

Treatmezit.  The  treatment  of  thrumbosis  of  the  lateral  sinus  is  by 
trephining  the  bone  over  the  simis.  nr  l)y  chiselling  away  the  mastoid 
process  and  laying  bare  the  sinus,  witirh  is  then  opened  freely  and 
cleanerl  out.  It  is  always  well  to  tie  the  jugular  vein  prior  to  the 
opening  of  the  sinus*     If  a  clot  is  foun*!  and  taken  away  free  flow 
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of  blood  must  be  allowed  to  wash  out  the  remnants  of  the  thrombus, 
and  the  inner  wall  of  the  sinus  may  be  scraped  with  a  small  curette. 
The  hemorrhage  is  easily  arrested  by  pressure,  and  the  spontaneous 
tendency  of  the  sinus  wall  to  heal  is  remarkable.  The  only  cases 
which  prove  fatal  are  those  in  which  the  thrombus  is  not  entirely 
evacuated,  in  which  secondary  thrombi  lead  to  pysemia,  or  in  which 
gangrene  of  the  wall  of  the  sinus  leads  to  a  secondary  thrombosis.  In 
a  collection  of  150  cases  from  recent  literature  90  cases  were  found 
to  have  recovered  from  this  operation.  For  full  details  of  the  opera- 
tion the  reader  is  referred  to  MacEwen's^  book  and  to  the  articles 
by  Koerner^  and  Jansen.' 

*  Pyogenic  Infective  Diseases  of  the  Brain.    MacMillan  Co.,  1893. 

'  Die  otitische  Erkrankungen  des  Gehims,  Jena,  1894. 

3  Berliner  klin.  Wochenschrift,  1891,  p.  1160,  and  1901,  p.  721. 
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Tumors  of  the  brain  are  not  uncoiiimon  relatively  to  other  nervous 
diseases,  and  are  seen  both  in  children  and  in  adults.  Collections  of 
eases  of  brain  tumors  have  been  published  during  the  pa»st  twenty 
years  by  Bernhardt/  SielTan/  Braniwell/  Mary  Putnam  Jacobi,*  Mills 
and  Lloyd,'  Knapp,^  Bruns/  Oppenheim,*  and  myself."  It  is  possible 
by  the  study  of  these  collections  of  cases  to  make  a  fair  estimate  of  the 
relatiA'e  frequency  of  different  varieties  of  tumor  and  of  the  \'arious 
situations  in  the  brain  in  which  tumors  grow,  and  also  to  estimate 
the  probabilities  of  success  in  find'mg  and  removing  a  tumor.  With- 
out attaching  too  great  importance  to  statistics  on  this  subject,  I  have 
selected  as  the  basis  of  this  chapter,  from  the  collections  aheady 
named,  6t)()  tumors.  These  are  tabulated  in  Table  I.,  in  which 
tumors  in  mdividuals  below  the  age  of  eighteen  years,  chiefly 
children,  are  separated  from  those  in  adults,  for  the  purpose  of 
contrast.  In  this  table  no  tumors  are  inclutled  w^hich  have  been 
removed  or  in  which  surgical  interference  has  l:>t.^*n  attemi>teiK 
Yet  during  the  past  twelve  years  over  400  tumors  have  been  oper- 
ated upon. 

The  percentage  of  cases  open  to  operation  has  been  variously  esti- 
mated by  different  authors,  and  their  results  are  demonstrated  in 
Table  IP  The  various  authors  citetl  have  made  collections  of 
cases  with  post-mortem  records,  and  from  a  study  of  the  condition 
found  at  autopsy  have  estimated  the  probability  of  success  in  the 
removal  of  (lie  tumor  found.  In  this  table  I  have  included  100  cases 
inider  my  own  care,  some  without  autopsies.  In  20  of  these  the 
tumor  w^as  found  eilher  at  the  operation  or  at  the  autopsy  to  be 
accessible.  From  this  table  it  is  evident  that  about  9  per  cent,  of 
tumors  can  be  removed. 


1  Beitra^  «ur  Symptomalolo^e  und  Dingnostik  clef  HlmgesohwiUtte.  1881. 
yearly  aummaiy  in  Virchow's  Jahre«berichi,  1881  to  19*j2. 
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'  Die  Kraakheiten  des  Gehima  im  Ivindesaltcr.  Gcrhardt's  Handb.  der  KinderkrMik- 
heitcn,  1880,  vol.  v. 

■  Intracrama!  Tumors,  1888,     Edinburgh  Medical  Journal,  Decern Iwr,  1894. 

•  Reference  Handbook  of  Medical  Sciences,  1888, 

•  Pepper's  Sj-Btem  of  MediciDC,  vol.  v. 

•  Intracranial  Growthsj  1891. 

^  EncvdopfidiBches  Jalirbuch,  1896. 

•  Nothnagel'd  alljc-  Path.  u.  Therap.,  1896, 

•  Medical  News,  Jan.  12,  1889;  Intracranial  Tunion*.  Keating'a  Cydop«di»  o£  Chil- 
dren's Diseaaeai,  1890.  Brain  Surgery,  1893,  New  York  Medical  Ri^eord,  February,  189e. 
Montreal  Medical  Journal,  Nov,  1897.     Journ.  Ner\%  and  Ment.  Die.,  June,  1903, 
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Table  I. 

(The  first  oolamn  are  children's  tumors ;  the  second  column  adult's  tumors.) 
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Table  II— Percentage  op  Brain  Tumors  Removable. 


Author. 


No.  of  cases.!  Operable. 


Reference. 


MUls  and  Lloyd    . 

Hale  White    . 

Starr 

Knapp     .       .       . 

Gray 

Gray 

Seydel     . 

Dana 

Starr 

Byrom  Bramwell  . 

Oppenheim 

Bruns 

Starr 


100 
100 
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40 
53 
49 
100 
29 
300 
50 
28 
83 
100 
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Pepper's  System,  1886,  toI.  ▼. 
i  Guy^s  Hospital  Reports,  1888. 
I  Medical  News.  January  12. 1889  (children). 

Intracranial  Growths,  1891. 
'  Sajous'  Annual,  1891. 
1892. 

Verhand.  Deut.  Gesell.  f.  Chir.,  1892. 
:  Trans.  New  York  Acad.  Med.,  Jan.,  1893 

Brain  Surgerr.  1898  (adults). 

Edinbursb  Med.  Joum..  June,  1894. 

Die  Gesohwultze  des  Gehims,  1896. 
I  Bncyclo.  Jahresbericht..  1896. 

Personal  cases  to  1903. 
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Etiology.  Little  is  known  regarding  the  cause  of  brain  tumor, 
though  in  a  certain  small  percentage  of  cases  a  history  of  a  blow  or 
fall  on  the  head  has  been  obtained.  It  is  known  that  males  are  more 
subject  to  brain  tumor  than  females,  and  that  persons  of  all  ages  are 
liable  to  brain  tumor. 

Pathology.  The  Varieties  of  Brain  Tumor.  Almost  every  variety 
of  tumor  known  has  been  found  within  the  brain.  There  are  certain 
tumors,  however,  which  are  quite  common,  and  others  which  are  very 
rare.  In  the  first  class  are  tubercular,  sarcomatous,  gliomatous,  glio- 
sarcomatous,  cystic,  carcinomatous,  and  gummy  tumors.  In  the 
second  class  are  fibromatous,  angiomatous,  myxomatous,  osteoma- 
tous,  and  lipomatous  tumors,  also  psammoma,  cholesteatoma,  and 
echinococcus  cysts. 

Tubercular  tumors  of  the  brain  are  the  most  common  of  all  the 
forms  of  tumor.  They  occur  with  greatest  frequency  in  childhood, 
being  sometimes  primary,  but  usually  secondary  to  tuberculosis  of 


symptoms  of  brain  lunior  mi<l  in  diagm>stifatiiig  tlir  loratinu  (tf 
tumor,  for  if  the  tueior  is  probabiy  tubercularj  and  if  the  syraptoras 
are  not  clearly  explicable  upon  the  theory  of  its  location  in  one  part 
of  the  brain,  it  i^  to  be  remenibereil  that  two  or  more  different  tumors 
in  different  locations  may  give  rise  to  a  great  variety  of  symptouis. 
Tubercular  tumors  vary  in  size  from  a  small  collection  of  miliary 
tubercles  lying  in  a  mass  of  thickened  pia  mater  up  to  a  large  solid 
circumseril>ed  mass,  with  hanl,  cheesy,  or  broken-down  granular 
centre  and  a  distinct  ca|>8uU\  Not  infreqy(*ntly  the  tumor  is  sur- 
rounded by  a  tnljcrcular  infiltration  hot!)  in  the  brain  aial  its  mem- 
branes. Somelim(\s  irregularly-shaped  deposits  of  tubercular  tissues 
are  found  upon  the  base  of  the  brain,  in  the  meshes  of  the  pia  mater^ 
compressing  the  cranial  nerves.    (Fig.  229.) 


Fi'j,  2K>. 


TllberCTilir  tumor  In  rigbt  optle  tbAUmue     Tubercular  meQingilli  oi  the  ui«dl»)i  lurllMS 

of  ibe  hi>inJ«phcre. 


Tubercular  tumors  may  be  found  within  the  cerebral  tissue  at  some 
distance  from  the  surface,  and  no  part  of  the  brain  can  he  said  to  be 
free  from  a  liability  to  tubercular  deposits.  But  the  large  majority 
of  this  variety  of  tumors  are  found  in  connection  with  the  meninges 
and  about  the  large  vessels  of  tlie  l>rain,  sf»  that  they  are  more  com- 
monly fhscovered  upon  the  surfare  and  about  the  base  than  lying 
deep  witliin  the  organ.  \Mien  the  tmnor  arises  in  the  meninges 
meningeal  thickening  by  tubercular  deposits  is  quite  common.  In  a 
few  cases  the  cranial  liones  have  lif*en  eroded  in  tlie  growth  of 
the  tumor.     Tubercular  tumors  are  somelimes  found  in  the  brain 
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after  death  when  no  cerebral  sjiiiptonis  have  been  present  during 

Hfe.* 

The  important  facta  to  be  considered  in  making  the  diagnosis  of 
tubercular  tumors  are  (a)  hereditary'  tendencies  of  the  individual  to 
tuberculosis;  ib)  expa«iure  to  such  influences  as  are  knuwn  to  favor 
the  development  of  the  fiisease;  (c)  the  histor\^  of  symptoms  of  pri- 
mary  pulmonary,  or  intestinal,  or  joijit,  or  glandular  affections,  and 

FiQ,  230. 


Section  through  cerebniin,  ehovTliii^  u  lar^e  tuberciilar  lumor  ivtth  ihiek  capsule  and  grmuulu' 
conteutA  lying  beiuaiih  the  cortex  in  th«  centmra  ovale  of  the  frontal  lobe. 

(d)  the  presence  of  local  signs  or  general  evidences  of  tui>ercular 
infection. 

When  cerebral  symptoms  develop  in  an  individual  with  tubercular 
disease  the  pos^sibility  both  of  tulxTOular  tumor  and  of  tubercular 
meningitis  should  not  be  overlooke<L 

iSarcomaious  tumors  are  next  in  frec|uency  to  tubercular.  They 
are  rarely  secoru  lary  to  sarcoma  in  other  f*arts  of  the  body,  and  they 
are  only  multiple  when  they  appear  in  the  form  of  melanotic  nodules, 
which  are  rare  io  the  brain. 

Sarcoma  is  usually  cnca|>suiated,  round,  or  oval  in  shape,  hard, 
approaching  fibroma  in  consistency,  and  is  easily  separable  from  the 
brain  tissue,  which  it  compresses  and  indents  more  fre^picntly  than  it 
infiltrates.     Fig.  231  shows  a  sarcoma  lying  on  one  hemisphere  of 

1  Edinburgh  Hoepital  Ueiwrts,  vol.  i-  p.  420, 
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Froiii  the  8ludy  of  Table  I.  it  is  evklent  that  sarcoma  may  be 
found  in  any  part  of  the  brain,  but  it  is  more  frec|yent  in  the  cortex 
and  in  the  cTrebellum  than  in  any  other  loealitios.  It  is  the  form 
of  tumor  most  easily  extraeted  from  the  skull,  and  the  majority  of 
the  successful  cases  of  removal  of  brain  tumor  have  been  sarcoiimt^. 

Gliomatous  tumors  come  third  in  the  list.  This  tumor  is  a  product 
of  the  neuroglia  and  ])resents  the  appearance  of  a  connective  tissue 
fibrillar}^  network  containing  a  greater  or  less  number  of  large  branch- 
ing cells  and  many  small  nucleated  cells. 

Glioma  of  the  brain  is  usually  primaiy,  but  occasionally  may 
develop  secondarily  to  glioma  of  the  retina. 


OUoma  of  the  motor  areA  InflllniUtig  ibe  cortex  and  c«nlniiii  ov&te,  wUbout  dlstltict  ca|»u1«« 

excepting  at  one  part, 

Gliomata  vary  \n  density,  but  are  usually  softer  than  sarcomata, 
and  are  rarely  well  dehned  or  separable  from  the  brain  tissue,  even 
those  which  ap|>ear  to  have  a  definite  limit  being  founds  on  micro- 
scopic study,  to  be  surrounded  by  a  zone  of  gliomatous  infiltration 
in  the  brain.  The  usual  consistency  of  a  glioma  Ls  about  that  of  the 
brain  substance.  There  is  a  t(^rul(*iicv  in  all  gliomatous  tissues  to 
undergo  fatty  degeneration,  to  break  down  antl  Fuiuefy,  so  that 
cavities  filled  with  clear  fluitl  of  a  straw  color  or  more  sharply-defiuecl 
cysts  are  ver>^  frequently  found  in  and  about  a  gliomatous  turnor, 
and,  in  fact,  some  authors  have  maintained  that  all  cysts  found  in 
the  brain,  not  the  relics  of  previous  hemorrhages  or  of  embolic 
softening,  are  due  to  gliomatous  forrnatioas,  A  similar  tendency  to 
the  formation  of  cavities  w^ithin  gliomatous  tissue  is  manifested  in  the 
spinal  cord  in  the  disease  syringomyelia. 

Glioma  may  api>ear  in  any  imrt  of  the  brain,  but  b  somewhat  more 


GUoMreonut  of  ftooul  lob«  md  corpiu  MUoaiun. 


Glwsarcoma  is  a  variety  of  tumor  not  very  frequent,  partaking  of 
tlie  nature  both  of  glioma  tiiid  of  sarcoma,  coninxonly  accompanied 
by  cy.st  ic  cavities.     Like  glioma  the  tumor  cells  are  iufiltrateil  t  lirough 
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the  brain  tissues:  but  like  sarcotua,  its  coiistitueiita  are  spindle  and 
rouiMi  rells,  and  its  density  is  considerable.  It  is  rarely  encapsulated, 
and,  like  glioma,  is  much  more  difficult  of  removal  than  sarcoma. 

It  is  questionable  whether  tf)e  iirigin  of  agliosarcoma  is  the  devel- 
opment of  sarcomatous  cells  infiltrating  the  brain,  and  causing  an 
irritation  and  jjroli  feral  ion  of  the  neuroglia,  or  whether  there  is  a 
development  of  hard,  round  comiective-tissue  element,s,  sarcomatous 
in  character,  in  the  midst  of  the  original  glioma. 

The  symptoms  are  more  closely  like  those  of  glioma  than  of  sar- 
coma, the  same  variability  of  intensity  being  observed. 

Carcinoma  of  the  brain  is  usually  secondary  to  carcinoma  in  other 
parts  of  the  body,either  of  the  orbit  or  retina,  or  of  the  internal  organs 
or  of  the  breast. 

Carcinoma  is  a  variety  seldom  found  in  chiklren,  and  usually  de- 
velops in  adults  above  the  age  of  fifty  years.  In  cases  in  which  it 
has  occurred  in  children  it  ha.s  been  from  direct  extension  of  the 
disease  from  the  orlat.  It  may  occur  as  the  primary  development 
of  carcinoma  in  the  body,  giving  rise  to  secondary  infection  elsewliere, 
but  this  also  is  rare. 

Carcinoma  grows  ra].^idly  in  the  brain,  is  not  sharply  defined,  rarely 
has  a  capsule,  is  decideflly  vascular,  and,  of  all  brain  tumors,  the  one 
least  open  to  0])erative  treatment. 

Cystic  tiunors  of  the  Ijrain  may  arise  either  in  connection  with 
glioma  and  gliosarcoma,  as  alreatly  descriV>ed,  or  independently,  as 
the  result  of  jjarasitic  infection.  Hydatid  cysts,  echinococcus.  and 
cystieercus  are  much  more  frecjuently  recorded  in  German  and  Aus- 
tralian medical  journals  than  in  this  country. 

KuchemiK^ister  has  made  a  collection  of  88  cases  of  this  variety, 
in  all  but  13  of  which  multiple  cysts  were  found.  Of  these  49  in- 
volverl  the  memlmines,  41  were  in  the  cortex,  19  in  the  white  sub- 
stance, 19  in  the  cereljellum,  18  in  tta^  ventricles,  17  in  the  basal 
ganglia,  and  a  few  in  the  corpora  quadrigemina,  j)ons,  and  medulla. 
These  are  not  included  in  the  tables,  as  it  would  give  an  appearance 
of  undue  frequency  of  this  form  of  tumor.  These  para^sitic  cysta 
grow  slowly  and  jtroduce  compression  of  the  brain  tissue,  but  do  not 
destroy  it.  The  symptoms  which  they  produce  are  very  rarely  so 
well  marked  as  to  enable  a  diagnosis  to  be  reached,  but  in  caaes  in 
wliicii  a  diagnosis  is  possible  these  tumors  may  be  easily  removed, 
as  the  cyst  wall  is  separable  from  tla*  brain  tissue.  Several  such 
cysts  have  l>een  remo\'ed  in  (Jermany. 

Gummaia  of  the  brain,  though  very  rare  in  childhood,  and  never 
the  result  of  inherited  syphilis,  are  very  fretfuent  in  adult  life,  and 
may  develop  within  a  year  of  the  original  infection.  They  may  also 
appear  as  the  only  apparent  evidence  of  tertiary  syphilis,  even  twenty 
years  after  the  disease  w^jus  acquired. 

Gunmia  may  oecm*  as  a  soft  gelatinous  exudation  upon  the  base 
of  the  brain,  its  favorite  |>osition,  or  anyAvhere  in  the  membranes, 
or  as  a  harder  and  more  circuntscribed  tumor  m  the  meninges,  espe- 
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cially  of  the  cortex  and  cerebellum.  It  grows  rapidly,  but  also  *sub- 
sides  rapidly  under  specific  ireatiuent.  In  one  case  under  my  care, 
where  many  symptoms,  including  double  optic  neuritis,  were  present, 
the  patient  was  perfectly  well  m  nine  months.  The  occurrence  of 
nocturnal  headache  and  insomnia  of  an  obstinate  character  in  any 
case  presenting  the  symptonns  of  brain  tumor  will  sugge8t  the  proba- 
bility of  a  gunmia,  and,  in  fact,  in  every  ease  in  which  the  diagnosis 

Flo,  2S7. 


Multiple  gamnmta  apon  the  \mae  of  the  bimln  and  about  the  cerebeltQm. 

of  brain  tumor  is  made  it  is  well  to  subject  the  patient  to  a  course 

of  ti'eatment  by  mercury  and  io^lide  for  a  perioil  of  at  lea8t  two 
montk^,  in  order  to  eliminate  the  possibility  of  gumma.  Yet  it  must 
not  be  hastily  argued  that  the  subsidence  of  symptoms  under  this 
treatment  is  positive  evidence  that  the  tumor  is  syphiHtic,  In  a  case 
under  my  observation,  which  autopsy  proved  to  be  a  small  sarcoma 
with  a  large  cyst,  the  wall  of  which  was  sarcomatous  tissue,  all 
symptoML?^  including  optic  neuritis,  subsided  under  this  treatment, 

38 
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and  the  patient  remained  well  for  a  period  of  five  uioiitlis,  and  then 
sudden  death  in  coma  occurred  unexpectedly. 

Other  varieties  of  brain  tumor,  such  us  filjroma,  angioma,  niyxoma, 
psammoma,  osteoma,  cholesteatoma,  lipoma,  teratoma,  which  occur 
in  the  brain,  are  of  great  rarity.  They  occur  both  in  childr^en  and 
in  adults,  and  their  diagnosis  cannot  be  made  from  other  forms  of 
tunior  during  life. 

Psarniiioma  is  usually  the  form  of  tumor  occurring  in  the  situation 
of  the  pineal  gland,  and  gives  rise  to  symptoms  similar  to  those 
profJuced  l\>'  tumors  of  the  corpora  quadrigemina. 

Tumors  of  the  pituitar)^  body  are  not  uncommon,  and  are  lusually 
of  the  nature  of  fil^roma  or  myxoma.  It  is  maintained  by  some  that 
the  disease  acromegalia  is  the  result  of  such  tuinors.  It  is  not  true, 
however,  that  a  tumor  of  the  i)ituitary  body  always  frroduces  syni{>- 
toms  of  acromegalia,  anil  in  one  ease  of  acromegalia  under  my  obser- 
vation the  autopsy  failed  to  show  any  change  in  the  pituitar^^  botly. 

The  appearance  of  a  brain  in  which  a  tumor  has  developed  is 
usually  characteristic.  The  membranes  are  tense,  the  convolutions 
are  flattened  by  pressure,  the  ventricles  are  distended  by  serous  fluid, 
the  brain  tissue  is  w\^t,  the  weight  of  the  brain  is  increased,  and  fre- 
quently aljout  the  tunior  there  is  a  zone  of  softening  of  greater  or  less 
extent,  according  to  the  variety  of  the  tumor.  Erjcapsulated  tumors 
are  less  likely  to  In?  surrounded  l>y  a  softened  tissue. 

Intracranial  aneurisms  ])resent  the  same  features  as  tumor  of  the 
brain.  They  are  rarely  large  in  size,  they  appear  upon  the  larger 
arteries  at  the  base  of  the  brain  and  upon  the  Syh^ian  arteries.  They 
are  usually  fusiform,  occasionally  round.  They  increase  in  size  more 
rapidly  than  ordinary'  brain  tumors,  or  than  aneurisms  elsewhere^  and 
usually  rupture  before  attaining  any  great  size.  Tliey  produce  symp- 
toms  by  their  pressure  and  are  occasionally  to  be  diagnosticated  by 
pulsating  headache  or  the  sensation  which  they  produce,  or  by  a 
distinct  murmur  audible  to  the  stethoscope  on  the  head.  Such  a 
murmur  is  not,  however,  pathognomonic,  as  I  have  heard  such  a  loud 
double  miu-nuir  over  the  Sylvian  region  in  a  case  which  proved  at  the 
operation  to  be  one  of  extensive  sof tening^no  aneurism  lacing  found.^ 
In  a  case  recently  seen  at  St.  Luke's  Hos|)ital  the  aneurism  developed 
rapidly  after  a  blow  on  the  head,  producing,  first,  third  nervT  paralysis, 
and  one  month  later  right  hemiplegia.  The  patient  died  three 
months  after  the  injury,  having  hat!  all  the  general  symptoms  of  brain 
tunior.  An  aneurism  of  the  left  internal  carotid  artery  at  the  i>oint 
of  union  with  the  posterior  commimicating  artery  was  found,  which 
had  ruptured.  As  the  arteries  were  not  diseased,  it  seemed  probable 
that  the  bruise  of  the  artery  against  the  bone  at  the  time  of  the  injurj' 
had  weakened  the  wall  and  predisposed  to  aneurism. 

Symptoms,  W^hite  the  symptoms  of  brain  tumor  are  in  many 
cases  ver\'  clear  and  characteristic,  so  that  there  need  be  little  doubt 


i  StiMT.    Brain  Surgery,  Caae  %i%. 


SY^fPTOM^  OF  TUMORS  OF  THE  BRAIN, 


595 


in  regard  to  the  di^igiiosis,  botli  of  the  existenfe  of  a  tumor,  of  its 
nature,  find  of  it.s  Ifx-atiun,  it  muf^t  be  stated  that  there  are  other 
cases  in  which  no  characteristic  .symptoms  appear  at  all. 

Nunierous  ca^es  have  been  recorded  in  which  large  tumoi-s  have 
been  found  unexpectedly  after  death,  even  in  locations  in  the  brain 
in  which  the  exi.^tence  of  a  tumor  would  presumably  have  ]>roduced 
ver}'  marke<l  hsymptonL^.  Thu-s,  in  one  case  under  my  observ^ation, 
a  large  glioma  occupied  the  entire  white  sub.stance  of  the  frontal  lobe 
u(>on  the  left  side,  yet  tlie  jiatient  had  suffered  only  from  occasional 
attacks  of  ejMieptic  convulsions,  not  [)receded  by  an  aura,  and  never 
unilateral,  was  as  intelligent  as  ever  up  to  the  time  of  his  deaths 
though  his  family  had  noticed  .some  irritability  of  temper  at  times, 
and  on  this  aecomit  had  occasionally  questioned  hi^  responsibility 
for  certain  peculiarities.  This  man  was  under  observation  by  most 
competent  jjhysieians  for  several  years,  and  was  suiJpo.s4xl  to  have 
epilepsy*  His  in'es  were  examined  luid  found  to  \w  normal  within 
a  few  weeks  of  his  sudden  death,  which  look  place  in  a  convulsion. 
He  had  never  had  the  ordinary  symptoms  of  a  l»rain  tumor.  Schoen- 
thai*  has  recorded  a  ease  of  suppo.sed  liysteria  in  which  the  variability 
of  the  symptouLs  was  surprising,  and  in  wiiicli  careful  examination 
failed  to  reveal  any  permanent  or  tangible  physical  signs.  After 
death  a  large  tumor  of  the  right  frontal  lobe  was  found.  Mayer^  has 
collected  several  such  cases.  Buzzard  has  rec4jrde<l  similar  cases, 
BramwelF  has  described  an  enormous  tumor  lying  in  the  central 
region  uijon  the  cortex  of  the  right  side  in  which  there  were  no  symp- 
toms of  i>aralysis  whatever.  And  many  tumors  have  been  found  in 
and  about  the  cerebellum  which  ha^  e  fiViied  to  produce  the  ordinary 
symi)toms  of  brain  tumor. 

Tumors  u|>on  the  base  of  the  lirain  may  also  be  founrl  involving 
structures  which,  during  life,  a|>pear  to  have  been  capalile  of  carrying 
on  their  ordinary^  functions.  Thus  a  child  under  my  observation 
suffered  for  five  months  from  occasional  convulsions,  from  headache^ 
from  spastic  [jarafilegia,  l)yt  had  no  difficulty  whatever  of  vision,  and 
no  paralysis  of  the  cranial  nerves.  The  autopsy  showi^l  a  large 
tumor  upon  the  base  in  tlie  median  line,  through  which  both  the  optic 
nerves  passed  and  in  which  the  optic  chiasm  lay.  It  nmst  have 
rested  upon  all  the  motor  ner\"es  of  the  eyes  and  com[)re.ssed  the  fifth 
nen-e  on  both  sides.  This  tumor  had  grown  upward,  filling  both 
the  lateral  ventricles  and  obliterating  the  third  ventricle  entirely.* 
(Fig.  2380 

I  have  seen  a  tumor  of  the  medulla  ol>longata,  an  infiltrating 
glioma,  w^hich  pro<luced  an  ajiparent  uniff>rm  increase  in  size  of  the 
entire  metlulla  to  double  its  ordinary  dimensions,  but  in  which  there 
were  absolutely  no  signs  of  any  disease  of  either  cranial  nerves  or 


1  Berliner  klin .  W'oclu,  1891,  No,  10,    See  also  W'illiiims,  Liwicet,  October  14,  1893. 
'  E.  Mayer.     laaug.  Dissert,,  Berlin,  189L 

*  nitraorani.il  Tumors,  p.  12. 
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tracts  passing  through  this  iinportaht  part  of  the  nervous  system. 
The  patient  had  headaches,  sHght  optic  neuritis,  occasional  convul- 
sions, and  a  shghtly  staggering  gait,  which  led  to  the  diagnosis  of 
tiimor  of  the  cerebellura,    (See  Fig.  235,) 

It  is  thus  evident  that  tumors  iu  the  various  parts  of  the  brain 
substance  may  develop  and  a^ssunie  a  considerable  size  without  pro^ 
duciiig  characteristic  symptoms  either  of  a  local  or  of  a  general  type. 
Such  cases,  however,  are  rare,  and  the  careful  obser\"er  will  usually 
be  able  to  diagnosticate  a  brain  tumor, 

no.  238. 


BftTOomm  of  bue  lepftmUxig  tbe  crum  and  titiiTDiindIng  the  optic  chtiem  and  gre&Uj  fltrtttchlnc  IbA 
optic  DeiTM.    The  exll  of  the  optic  ncrrcB  from  the  (timor  is  lodlcAied  br  the  white  dolo. 


The  symptoms  of  brain  tumor  are  very  numerous,  but  for  purposes^ 
of  coevenience  may  be  separated  into  two  categories, 

L    General  symptoms  due  to  the  existence  of  a  new-growth  irre- 
spective of  its  position.     These  are  headache,  general  convulsions/ 
double  optic  neuritis,  and  optic  atrophy,  changes  of  disposition  and 
of  mental  pouver,  vomiting,  vertigo,  in^onniia,  changes  in  the  pulse 
rate,  attacks  of  syncope,  polyuria,  and  progressive  malnutrition. 

IL  Focal  symptoms  of  the  di,sease  in  the  cortex  of  the  brain  or 
beneath  the  cortex  in  the  projection  tracts  which  join  the  cortex  to 
the  various  subcortical  centres.  These  symptoms  are  unilateral 
spasms,  monoplegia,  or  hemiplegia,  paresthesia  or  anaestheaa  in  one 
or  more  limbs,  hemianopsia,  and  the  various  forms  of  aphasia.  Affec- 
tions of  the  cranial  ner\TS  and  basal  parts  of  the  brain,  ivhich  occur 
with  tumors  in  the  basal  ganglia  and  cerebral  axis,  or  external  to 
the  brain  upon  the  base*  These  latter  s>'mptoma  are  frequently  very 
complex,  as  may  be  supposed,  when  it  is  remembered  that  the  twelve 
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craniftl  nerves  have  extensive  nuclei  of  origin  and  a  long  coui'se,  and 
that  all  conneetion  between  the  external  world  and  the  brain  passes 
through  the  cerebral  axis. 

In  the  vast  majority  of  oases  of  brain  tumors  we  find  some  of  these 
general  and  focal  symptoms  present.  And  from  their  combination 
and  the  order  of  their  development  it  is  usually  possible  to  arrive  at 
a  definit/e  diagnosis.  These  symptoms  must,  therefore,  be  studied 
with  care. 

I,  General  symptoms  occur  irrespective  of  the  location  of  the 
tumor  and  dejiend  upon  its  rapidity  of  growth,  its  vjiscularity,  and 
its  pathological  character.  They  vary  in  severity  from  time  to  time 
probably  in  accordance  \\ith  the  activity  of  the  pathological  process 
going  on  in  and  about  the  tumor  and  with  the  condition  of  blood 
supply  in  the  brain.  AMieu  a  tumor  is  growing  rapidly  they  are  very 
severe;  if  it  remain  stationary  they  may  almost  disappear.  They  are 
often  affected  by  those  agents  which  f>roduce  a  temporary  cerebral 
hypera*mia  or  anemia,  as  is  proved  by  the  fact  that  hot  foot  baths 
or  general  hot  baths  may  produce  marked  changes  in  the  degree  of 
general  s^ymptoms. 

Head&clid  is  the  most  prominent  and  constant  symptom  of  brain 
tumor.  It  varies  in  severity,  but  is  usuaUy  very  intense*  It  may 
be  intermittent^  it  may  recur  with  periodicity,  is  usually  worse 
at  night  in  syphilitic  cases,  w^orse  on  waking  in  other  cases,  is 
increased  by  physical  effort  or  mental  strain,  or  emotional  excite- 
ment. It  may  be  a  dull,  heavy,  continuous  pain,  with  sharp  par- 
oxysms, during  which  the  patient  cannot  control  his  suffering.  It 
varies  in  its  location,  is  usually  frontal  or  occipital,  and  the  situation 
of  the  i>ain  rarely  indicates  the  situation  of  the  tumor.  If,  however, 
the  pain  is  constantly  located  in  the  occipital  region  the  tumor  is 
probably  in  the  posterior  fossa.  The  pain  is  often  associated  with 
indefinite  cerebral  sensations  described  as  fulness,  pressure,  confu- 
sion, tightness,  as  if  a  band  were  lirawn  about  the  forehead,  and  these 
give  rise  to  great  discoTiifort.  In  infants  the  existence  of  headache 
may  be  inferred  from  constant  motion  of  the  head,  from  movements 
of  the  hands  grasping  the  head,  or  pulling  the  hair,  and  from  sudden 
outbursts  of  screaming  without  other  iisccrtainable  cause.  Head- 
ache is  probably  less  severely  felt  in  easels  of  tumor  in  hifants,  as 
the  opening  of  tlie  sutures  may  pre\^ent  the  extreme  degree  of  intra- 
cranial pressure  to  which  the  headache  is  chiefly  ascribed.  In  adults 
the  headache  prevents  the  patient  from  making  any  physical  or 
mental  exertion,  and  leads  to  a  desire  for  seclusion  and  (piiet. 

The  causes  which  are  suppo.'^etl  to  produce  the  lieadache  are  the 
increase  of  the  intracranial  pressure  and  the  consequent  stretching 
of  the  membranes;  the  existence  of  effusion  into  the  ventricles,  which 
is  a  fretjuent  accompaniment  of  a  tumor;  the  variations  in  the  cere- 
bral circulation  produced  by  the  pressure  of  the  tumor,  or  the  direct 
involvement  of  tlie  sensitive  dura  mater  and  Ixranches  of  the  fifth 
nerve.    Such  effects  of  the  presence  of  a  tumor  are  more  likely  to 
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Such  a  tcndernoss  to  percussion  is  more  eommonly  found  in  tumors 
lying  just  beneath  the  bone,  that  h  eortieal  tumors,  than  in  tiunors 
deep  within  the  brain.  It  has  been  asserted  that  a  flatnes^s  to  iULs* 
eulatory  percussion  can  be  detecterl  over  a  tmiior,  and  I  am  able  to 
confirm  this  statement,  having  noticed  it  in  several  cases.  It  is  not 
always  present. 

General  conTulaions  are  the  next  most  fr«?quent  symptom  of  brain 
tumor.  They  are  particularly  liable  to  occur  as  an  early  symptom 
in  children,  but  ma>'  also  be  the  first  symjitom  of  tinnor  m  adults. 
Thus,  in  a  patient  of  mine  from  whom  XIcBurney  removed  a  large 
sarcoma  t^f  the  frontal  lobe,  the  first  symptom  was  a  general  convul- 
sion which  oceurre<!  two  months  before  the  headache  began,  and  was 
never  repeateti  during  the  three  years'  coiu-se  of  the  disease.*  (See 
Fig.  239 J  In  another  patient  under  my  care,  who  subsequently 
developed  all  the  general  symptoms  of  brain  tumor,  general  con- 
\nilsions  occurred  at  intervals  during  three  months  before  any  other 
symptom  appeared,  A  cas*:*  diagnosticated  as  epilepsy  ha^  already 
been  mentioned. 

It  is  not  xmcommon  to  find  con^ailsions  occurring  at  irregular 
inter\'als  from  the  unset  of  the  disease  to  its  tenni nation.  They 
usually  occur  at  long  intervals,  but  have  been  know^n  to  be  a.s  frequent 
as  twenty  to  thirty  a  day.  They  may  be  slight  in  degi-ee,  almost  of 
the  nature  of  petit  mal,  with  a  sudden  loss  of  consciousness,  or  this 
loss  of  consciousness  may  be  attended  by  a  little  twitching  of  the 
face  and  eyes,  with  stiffening  of  the  back  and  extremities,  balancing 
movements  of  an  automatic  kind,  which  prevent  falling,  and  then 
recovery,  or  they  may  have  all  the  general  chiu-acteristics  of  a  general 
epileptic  seizure  follow^ed  by  coma.  Sometimes  a  peculiar  general 
tremor  follows  the  attack,  and  may  last  for  an  hour  or  more. 

Genera!  convulsions  may  lie  a  culmination  of  a  local  spa^sm;  hence, 
wherever  a  convulsion  occurs  particular  attention  is  to  be  called  to 
the  maimer  of  its  begimiing,  and  the  patient  is  to  be  carefully  observed 
and  instructed  to  watch  for  a  conscious  aura.  The  significance  of 
local  spasms  will  be  discussed  in  the  next  section. 

ConvTjlsions  are  usually  indicative  of  rapid  progress  in  the  new- 
grow^th,  of  effusion  into  the  ventricles,  of  hemorrhage  within  the 
tumor  or  of  a  secondary  affection  of  the  meninges.  They  may  occur 
from  tumors  situated  an}^vhere,  and  have  no  significance  as  a  diag- 
nostic symptom  of  the  location.  Death  not  infrequently  occurs  in 
convulsions  in  brain  tumor,  and  hence  a  development  or  rapid  increase 
of  this  symptom  is  a  sign  of  danger. 

Ohangee  of  dispaaitioii  and  of  mental  power  occur  in  the  course  of 
brain  tunn>r  with  considerable  frequency.^  These  have  sometimes 
been  explained  by  the  existence  of  headache^  the  suffering  prmJucing 
mental  exhaustion.     But  they  are  also  obser\^ed  quite  uniformly 


*  See  Araericftii  Journal  of  the  Medical  Sciencea,  January,  1893. 
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with  tumors  of  the  braio,  even  when  headache  is  not  severe.  In 
children  this  symptom  is  quite  noticeable,  the  child  becomes  fretful 
and  iiTitable,  refuses  to  notice  its  toys  or  to  play,  or,  if  it  does  so, 
soon  becomes  wearied,  and  requires  constant  attention.  It  may 
become  indifferent  to  things  in  which  it  was  formerly  interested, 
prefer  to  he  down  and  to  keep  quiet,  in  a  manner  unnatm-al  to  a 
healthy  child,  and  may  even  become  soimiolent  and  lethargic,  or  it 
may  have  apiiarent  attacks  of  causele.ss  terror.  In  adults  the  mental 
dulness  is  \^Ty  noticeable.  The  patient  takes  little  interest  in  his 
ordinary  surromidings  or  business,  and  is  content  to  ait  or  lie  for 
hours  doing  nothing  and  apparently  with  a  vacant  mind.  Such  a 
patient  is  ea.sily  aroused  and  rephes  intelligently  to  questions,  but 
cannot  be  considered  in  a  normal  state  of  mental  activity.  On  the 
other  liand,  such  a  patient  is  not  detnenterb  although  late  in  the 
course  of  the  disease  a  condition  approaching  dementia  is  quite  often 
observed,  esjiecially  in  tumors  of  tlie  frontal  lobes.  Attacks  of  mani- 
acal excitement  have  been  recor<led,  but  are  very  rare.  The  usual 
mental  state  present  in  lirain  tumor,  after  it  has  existed  for  a  period 
of  six  months  may  be  described  as  one  of  apathy.  These  symptoms 
are  probably  referable  to  the  increased  intracranial  pressure  and  con- 
sequent compression  of  the  brain,  which  interferes  with  the  processes 
of  association  upon  which  all  tbouglit  depends.  Tlie  tumor  apf>ears 
by  its  pressure  to  hamper  the  transmission  of  impulses  tliroughout 
the  brain.  Somnolence  may  be  associated  with  this  apathy.  In 
the  ease  of  a  tumor  of  the  frontal  lobes  and  corpus  callosum^  mental 
apathy  was  the  chief  symjitom  from  beginning  to  end.  (See  Fig.  236.) 

Double  optic  uomritiB  and  optic  tierre  atrophy  are  xevy  important 
diagnostic  syniptonis  of  inlnicranial  tumor  Neuritis  is  usually  asso- 
ciated with  other  signs  of  increased  intracranial  pressure,  but  may 
occur  without  such  pressure.  It  is  present  in  80  per  cent,  of  the  cases 
and  should  be  looked  for  in  every  ca.se  which  presents  cerebral  symp- 
toms. A  marked  degree  of  optic  neuritis  may  exist  without  any 
impairment  of  vision;  hence,  the  ophthahno'vcope  should  be  used, 
whether  the  defect  of  sight  be  present  or  not.  But  when  the  patient 
shows  inii>airment  of  visual  power  or  limitation  of  the  visual  field  for 
colors  or  for  light,  or  is  becoming  blind,  it  will  be  found  that  optic 
neuritis  or  optic  atrophy  is  fully  developed.  Sudden  loss  of  vision 
appears  to  be  more  connnonly  noted  in  histories  of  children's  cases 
than  in  those  of  adults,  jjossibly  because  a  gradual  loss  of  sight  is  not 
detected.  It  is  true  that  hydrocephalus  may  cause  choked  disks, 
and  hence  from  this  symptom  alone  a  tumor  cannot  be  diagnosti- 
cated. But  in  cases  where  the  diagnosis  is  difficult  no  more  imi*or- 
tant  objective  evidence  of  brain  tumor  can  be  found. 

Tumors  of  the  cerebellum  and  corpora  quadrigemina  and  tumors 
upon  the  base  of  the  brain  and  in  the  basal  ganglia  produce  optic 
neuritis  more  constantly  and  earlier  in  their  course  than  tumors 
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situated  iu  the  cortex  or  centrum  ovale.  Optic  neuritis  is  usually 
double,  though  it  always  ai)pears  first  in  one  eye,  and  is  rarely  equally 
intense  in  both  eyes;  but  in  a  few  cases  it  has  been  found  in  one  eye 
only,  and  then  is  tliought  to  indicate  disease  of  the  nerv^e  in  the  orbit 
or  in  front  of  the  optic  chiasm^  rather  than  a  distant  tumor.  For 
the  exact  changes  in  the  retina  and  for  the  patholofijical  causes  of 
optic  neuritis  the  reader  is  refeiTed  to  Chapter  XXXI\\* 

Vomitmg  is  a  symptom  of  brain  tumor  more  frequently  observ^ed 
in  children  than  in  adults.  It  may  or  may  not  be  accompanied  by 
nausea.  It  may  occur  accidentally,  without  special  relation  to  the 
time  of  meals,  or  it  may  be  so  continuous  as  to  threaten  inanition. 
It  occurs  not  infrequently  on  any  movement  of  the  head  after  the 
patient  has  been  confined  to  bed  for  some  time,  and  then  it  is  usually 
associated  with  vertigo.  It  also  freijuently  accom|mnies  severe  head- 
ache. 

Vertigo  is  sometimes  a  coincident  symptom,  but  usually  occurs 
indeiiendently  of  vomiting.  The  patient  feels  dizzy,  feels  himself 
turning  or  fallings  and  things  about  him  appear  to  be  in  motion.  He 
grasps  at  near  objects  for  support,  covers  his  eyes  with  his  hands  or 
Ues  dow^n  on  the  floor  anrl  cries  out  \vit!i  bewilderment  and  distress. 
Like  vomiting,  vertigo  may  be  excited  by  changes  of  position.  It 
occurs  at  intervals  in  attacks  of  short  or  long  duration.  It  occurs 
more  frequently  with  tumors  in  the  posterior  fossa,  in  the  cerebelhim, 
or  pons,  or  on  the  base  involving  the  auditory  nerve,  than  w4th 
tumors  elsewhere.  Such  attacks  of  vertigo  are  not  to  be  confounded 
with  the  slight  constant  vertigo  due  to  double  vision,  and  secondary 
to  paresis  of  the  third  and  sixth  nerves. 

Inaomnia  may  be  due  to  disturbances  of  the  cerebral  circulation  or 
to  the  intensity  of  the  other  general  symptoms,  and  is  much  more 
rarely  complained  of  in  cases  of  tutnf>r  in  children  and  youth  than 
in  adults  suffering  from  syphilitic  tumors. 

Fever  and  changes  in  the  rapidity  and  rhythm  of  the  pulse  have  been 
observed  in  the  course  of  brain  tumors.  The  former  is  ascribed 
to  inflanmiatory  changes  in  the  brain  or  meninges  as  a  comphca- 
tion.  The  latter  is  regardetl  as  evidence  of  increased  intracranial 
pressure.  Slow^  and  urt^gular  pulse  is  the  form  usually  noted,  but 
towarfl  the  close  of  life  very  rapid  pulse  has  been  ol>served. 
Irregular  or  Cheyne-Stokes  resjiiration  has  also  been  noticed  as  a 
terminal    symptom. 

Occasionally  attacks  of  syncope  occur  in  patients  with  tumor  of 
the  posterior  fossa,  and  a  general  feeling  of  weakness  is  not  infre- 
quently complained  of,  Polynria  and  glycosuria  may  develop  in 
the  course  of  brain  tumor^  as  a  symptom  of  increased  pressure.  It 
has  been  found  also  in  small  tumors  of  the  medulla^  as  an  evidence 
of  irritation  of  the  vagus  nucleus. 


*  See  i*M|j&ciallv  Knies.     The  Eve  in  General  IHaeasea,    WIIUaih  Wood  &  Co,,  1805, 
=  Rotliiniwn.  "  Zpilschrifl  f.  klin.  Mi-tU  1893,  xxiii.  p.  339.1 

*  De  Jouge,     Arch,  {,  Psych.,  xiii.  p,  658. 
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A  rise  of  tempprature  in  the  scalp  over  the  tumor  has  been 
observed  in  a  few  cases,  but  is  not  a  uniform  or  reUable  symptom 
of  brain  tumor. 

The  eombination  of  several  of  these  general  symptoms  in  any  case 
should  lead  to  a  strong  siLspicion  of  iiitraeranial  tumor.  When,  in 
addition,  lot'al  symyitoms  are  added,  the  diagnosis  should  not  be 
difficult.  In  all  eases  the  onset  of  the  general  symptoms  is  gradual. 
their  intensity  inereasing  as  time  goes  on,  and  a  careful  study  of  their 
mode  of  development  ami  progress  is  a  great  aid  in  the  diagnosis 
of  the  kind  of  tumor  jjresent^  of  its  s\zt%  and  of  the  rapidity  of  its 
growth. 

Tlie  flistress  produced  by  the  general  symptoms  is  asually  much 
greater  than  that  caused  by  the  local  symptoms,  and  consequently 
treatment  is  often  rec[uired  for  their  alleviation. 

Th6  focal  aymptoma  of  brain  tumor  ile{jend  entirely  upon  the  sit- 
uation of  the  tumor. 

A  distinction  is  made  between  direct  and  indirect  focal  symptoms, 
the  first  being  due  to  irritation  or  destruction  of  a  limited  area  by 
the  tumor,  the  second  being  ilue  to  interference  with  the  function 
of  an  area  by  disease  at  a  ilistanee  from  it  which  impairs  its  circula- 
tion or  causes  pressure  upon  it.  Thus,  a  tumor  of  the  cerebellum 
may  ciiuse  inccHortlination  and  vertigo  as  direct  symptoms,  and  also 
cause  paralysis  of  the  sixth  nm\  seventh  cranial  nerves  as  an  indirect 
symptom  of  displacement  of  the  pons  Wirolii  to  one  side,  which 
stretches  these  nerves  unduly.  Tumors  usually  cause  both  forms  of 
focal  symptoms,  anil,  therefore,  nmeh  care  nmst  be  given  to  the 
question  of  their  significance  in  any  case. 

Focal  symptoms  may  further  be  diviiJeil  broadly  into  two  classes^ 
those  produced  by  tumors  in  the  cortex  and  cerebral  hemisiiheres 
and  those  |*roduced  by  tumors  upon  the  base  of  the  l>rain  affecting 
the  cranial  nerv*es.  Reference  may  be  made  to  the  prectnling  chapter 
upon  the  diagnosis  of  brain  diseases  for  a  special  consideration  of  these 
various  sym|)toms.  With  the  anatomy  of  the  Itrain  in  mind  it  is  not 
difficult  to  understand  the  various  Icjcal  symptotns  that  may  arise 
from  the  existence  of  l)rain  tumor  in  different  localities.  It  should 
be  remembered,  however,  that  a  tumor  of  very  siow^  grow^th,  which 
compresses  and  does  not  infiltrate  the  brain  may  exist  in  any  location 
without  necessarily  |>roducing  focal  sym|)toms,  until  it  has  attained 
a  considerable  size.  It  is  evident  that  a  single  tumor  rarely,  if  ever. 
produces  a  large  number  of  focal  symptoms  but  that  all  tumors  lying 
in  any  given  location  will  produce  the  same  symptoms.  It  is  also 
evident  that  tumors  will  almost  always  prmluce  unilateral  symptoms, 
inasmuch  as  they  rarely  lie  exactly  in  the  median  line.  And  even 
the  tumors  of  the  corpus  callosuni,  of  which  about  twenty  have  been 
recorded,  have  rarely  been  so  exactly  meilian  in  their  situation  as  to 
give  rise  to  synnnetrical  symptoms  upon  both  sides. 

The  focal  symptoms  usually  commence  gradually  and  are  limited 
in  extent,  but  increiise  steatlily  as  the  tumor  grow^s. 
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The  focal  Bymptomi  of  tumor  a  of  the  frontal  cortex  may  be  enumer- 
ated as  follows:  iiicntal  inactivity,  fi»rgetfiilness,  laek  of  judgment, 
decided  ehaiige  in  character,  irritability  of  ti'ini>er  and  unusual 
stupidity,  an  inability  to  concentrate  the  attention,  to  think  con- 
nectedly and  continuously,  to  learn  easily,  to  exerciise  self-control, 
lastly  a  state  a(>proachiii^  mild  dementia  without  dchisions,  in  w^hich 
the  i>atient  may  l>ecotiie  dirty  and  disregard  all  restraints  of  decency. 
These  symptoms  are  especially  marked  in  tumors  of  the  frontal  cortex 
and  subjacent  wiVite  matter/  They  are  not  predentin  tumors  lying 
upon  the  base  of  tlie  frontal  region  on  the  orbital  bone.  They  rarely 
appear  in  tumors  in  other  regions  of  the  cortex  until  the  last  stage 
of  the  disease,  when  the  intracranial  pressure  is  very  great,  A 
deeidetl  change  in  character  and  disposition,  a  mental  apathy,  and  a 
tendency  to  sonuiolence  nmst  Ik?  regarded  as  a  local  sign  of  frontal 
lof>e  disease.  While  the  integrity  of  the  frontal  lobes  is  necessarj^ 
to  mental  action,  yet  no  special  loss  of  any  mental  faculty  can  be 
said  to  result  from  their  destruction.  Nor  is  there  any  api)arent  way 
to  detect  from  the  mental  symptoms  in  which  hemisphere  of  the 
brain  the  tumor  lies.  It  is  true  that  much  of  our  thought  is  depen- 
dent upon  the  integrity  of  our  speech  centres,  and  hence  the  lesions 
of  the  left  hemisphere,  if  they  interfere  witli  the  use  of  language,  or 
even  of  the  recollection  of  words,  appear  to  give  rise  to  mental  con- 
fasion,  which  is  not  so  noticeable  in  lesions  of  the  right  hemisi>here. 
But  it  is  not  possible  to  locate  all  mental  action,  as  has  hvvu  done  by 
Phelps,^  in  the  left  frontal  lobe,  A  consideratioti  of  the  facts  known 
regarding  the  wide  dissemination  of  memory  pictures  over  the  entire 
hemisphere,  and  their  fundamental  im|)ortance  in  all  thinking  is 
sufficient  to  prove  that  mental  activity  is  not  a  function  of  any  one 
region  of  the  brain*  (See  page  462.)  The  diagnosis  of  tumor  of  the 
frontal  lobes  is,  therefore,  rarely  made  from  a  study  of  direct  focal 
symptouLs.  It  is  to  be  remembered,  however^  that  a  tumor  when 
situated  in  other  regions  of  the  cerebral  hemispheres,  excepting  only 
the  temporo-sijlieiiniilal  lobes,  will  produce  other  dir*:*ct  focal  symp- 
toms, the  absence  of  whicli  may  lead  to  the  suspicion  that  a  tumor 
is  situated  in  the  frontal  lobe. 

Tumors  in  the  frontal  lobe  frequently  produce  irritation  of  the  cor- 
tex. While  such  irritation  is  limited  to  the  frontal  cortex  we  have 
no  evidences  of  its  occurrence,  Imt  there  is  a  tendency  for  irritation 
starting  in  one  part  of  the  l>rain  to  radiate  outward  to  adjacent 
parts,  like  the  ripple  upon  a  lake  when  a  stone  is  thrown  in.  When 
irritation  starts  from  the  frontal  region  it  fre<|uent!y  appears  to 
radiate  backward,  and  thus  involve  the  central  region  of  the  brain, 
and  under  these  circumstances  symptoms  referable  to  the  central 
region  appear,  namely,  localized  spasms,  para?sthesiai  and  par- 
alysis,^ 


^  FerrieT.     Lftueet,  June  4*  1892. 

'  American  Journal  i*f  the  Mt»dical  Sciences,  April,  1902, 

*  8ee  »  catte  of  my  own^  »bown  in  Fig.  239. 
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Bruns^  has  recently  recorded  three  coses  of  frontal  tumor  in  which  , 
there  had  been  some  disturbance  in  the  balancing  power  and  a  stag- 
gering gait  similar  to  that  obser\'ed  in  cerebellar  disc*ase;  but  this 
symptom  has  not  been  uniformly  noticed  It  is  known  that  the 
frontal  lobes  and  cerebellar  hemispheres  have  a  crossed  connection,  * 
and  it  is  possible  that  this  syniptom  may  prove  of  some  diagnostic 
value  if  eoiifirmed.  It  may  iiave  been  due  to  an  irritation  of  the 
cerebellum  conveyed  along  these  connecting  tracts. 

Tumors  situated  in  the  tliird  frontal  convolution  of  the  left  henii- 
8|>liere  in  right-handed  persons  and  of  the  right  hemisphere  in  left- 
handed  fK^rsons  jirocUice  motor  aphasia  with  agraphia,  the  patient 
being  al)le  to  understand  language  Ijoth  written  and  spoken,  but 
being  unable  to  give  expression  to  his  ideas,  Wlien  this  symptom 
develops  a.s  the  result  of  brain  tumor  the  disturbance  of  speech  is 
gi'adual  in  its  onset,  the  patient  noticing  first  a  hesitancy  in  speech,  a 
loss  of  words,  and  possibly  a  misuse  of  words  before  he  loses  the  power 
of  expression.  The  aphasia  is  less  complete  in  l>rain  tumor  tlian  in 
those  apoplectic  conditions  which  are  the  connnon  cause  of  aphasia. 

Tumora  involving  the  motor  area  of  the  brain  give  rise  to  well- 
marked  iuid  distinctive  symj)tonis.  The  spt^cial  functions  of  the  motor 
area  are  displaye<l  in  Figs.  160  and  161,  and  the  sym|jtnms  that  are 
prmlm'ed  by  a  tumor  beginning  in  any  portion  of  this  area  arc  easily 
deduced  from  reference  to  these  figures.  If  the  tumor  is  cortical  in 
its  situation  it  almost  inevitably  gives  rise  to  local  symptoms:  these 
may  be  in  the  form  of  tonic  or  clonic  convulsions,  occurring  at  inter- 
vals, either  limited  to  oni*  i>art  of  the  body,  such  as  the  face»  or  hand, 
or  foot,  or  extending  from  the  part  first  invaded  to  other  parts  in  a 
definite  order  of  succession^  the  extension  lieing  commonly  from  face 
to  arm,  to  body,  and  tluni  to  leg,  or  in  the  reverse  order.  Such 
attacks,  first  described  by  Jlughlings  Jarkson,  are  known  as  attacks 
of  Jac*ksonian  epilepsy.  If  it  l>e  rememl>ered  that  the  irritation 
starting  from  one  part  of  the  cortex  anrl  radiating  outward  to  other 
part«  produces  a  spasm  beginning  in  tlie  muscles  re|>resented  in  the 
centre  first  irritated,  ami  extenrling  to  other  muscles  n^presented  in 
adjacent  centres,  it  will  be  eviflent  that  the  exact  order  of  the  spitsm 
aids  one  to  determine  the  situation  of  the  tumor,  for  it  is  evident 
that  a  spasm  begimiing,  Ave  will  say,  in  the  thumb  and  extending 
then  to  the  fingers,  to  the  hand  and  up  the  arm  to  the  shoulder,  will 
indicate  an  initial  irritalion  of  the  thumb  centre  of  the  cortex,  extend- 
ing Ihen  to  the  centre  for  the  fingers,  hand,  and  arm.  A  convulsion 
beginning  with  the  tiu^ning  of  the  head  and  eyes  to  one  side  indiciites 
a  tumor  situated  in  the  anterior  middle  portion  of  the  motor  Eone, 
and  if  tliat  irritation  extends  from  this  point  Imckward  or  downward 
the  spasm  will  extend  from  lif^ad  and  eyes  to  arm  or  face,  respec- 
tively. The  situation  of  several  tumors  which  j>roduced  such  local 
spasms  is  shown  in  Figs.  162  to  170,  pages  422  to  424, 


^  Deut«otie  medioimftchc  Wc^hcrn^hrirt.  1802«  p.  138. 
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Tlierefort*,  the  point  of  hegiimiiig  of  a  sjiasm  and  its  order  of 
exteiKsioii  are  the  most  iio|>orlant  luealizingsyiiiptonus  of  brain  tumor 
in  the  motor  area,  Sueh  a  s])avsm  is  usually  followed  by  temporary 
paralyssis,  and  a^  tlie  tumor  increases  in  size  and  tlie  spasms  increase 
in  fre(jiiency  and  extent ^  the  paralysis  may  remain  permanent  be- 
tween the  spasms.  Spanms  due  to  rortifal  irritation  are  almost 
invariably  attended  by  mnnbness  and  tingling  in  the  part  first  afifected 
by  spasms,  so  that  ?sueh  a  tingling  is  often  a  vahiable  indication  of 
the  location  of  irritation  in  the  cortex.  This  tinghng  may  even  pre- 
cede the  spasm»  and  has  been  termed  by  Segiiin  tlie  '*  signal  symp- 
tom "  of  a  cortical  irritation.  When  such  a  panrsthesia  is  a  permanent 
symptom  the  tumor  is  more  likely  to  be  situated  bf.*hind  the  fissure 
of  Rohmtlo  than  in  front  of  it.  When  the  irritation  produced  by  a 
tumor  i!i  the  motor  zone  is  very  intense,  the  local  sjiasm  after  extend- 
ing from  one  liml>  to  the  entire  side  of  the  b*xly  may  even  become 
general,  be  associated  with  loss  of  consciousness,  and  terminate  as 
a  general  convnlsion.  ^\lnle  such  an  order  of  extent  pi*f*ceding  the 
general  convulsion  is  of  great  diagnostic  inipf»rtanee,  a  general  convul- 
sion bc^ginning  suddenly,  with  loss  of  consci(»asness  and  without  any 
local  sjia^tn,  is  not  to  be  regarded  a.s  indicative  of  disease  in  the  mo- 
tor area.  There  are  cases  of  brain  tumor  in  which  the  motor  area  has 
bt*en  generally  compressed  and  destroyed  without  the  production 
of  these  local  spasniis,  but  with  a  progressive  and  increasing  paralysis 
alone.  It  is  thought  that  such  a  paralysis  not  associated  with  spasms 
indicates  that  the  situation  of  the  tumor  is  in  the  white  matter  be- 
neath the  cortex  and  not  in  the  cortex  itself,  and  that  the  symptoms 
are  due  to  an  invasion  of  the  motor  tract  in  its  passage  toward  the 
internal  capsule.  Some  ataxia  is  commonly  a.ssociated  with  the 
paralysis  produced  by  tumors,  and  a  marked  incoordination  or  dis- 
turbance of  the  nmsrular  sense,  like  amcsthesia,  |>oints  to  a  situation 
of  the  tumor  beliind  the  fis.^^ure  of  Rolando.  The  condition  of  the 
deep  reflexes  is  altered  in  all  cases  of  tumor  in  the  motor  area;  a 
marked  increase  in  the  tenrlon  reflexes  at  the  elbow,  WTist,  knee,  and 
ankle  is  one  of  the  early  signs  of  jmra lysis.  There  is  no  atrophy  in 
the  paralyzetl  muscles,  but  merely  a  slight  waiting  from  disuse,  and 
there  is  no  change  in  the  electric  reaction  of  the  muscles.  There 
should  be  no  ditficully  in  rlifferentiating  a  cerebral  paralysis,  even  of 
the  nionottlegic  tyj^e.  fnmi  spinal  or  nerve  trunk  paralysis,  even  in 
infancy,  liecause  of  these  jioints  of  contrast.  Tlie  careful  study  of 
the  localizing  svni|>toms  of  tumors  of  the  motor  rt^gion  has  resulted 
in  successful  localization  of  such  tumors  and  in  their  successful 
removal  from  the  i»rain;  in  fact,  there  is  no  region  in  the  brain  in 
which  a  tumor  is  more  t^asily  accessible  or  more  possible  of  early 
diagnosis  tlian  in  thr^  motor  area. 

Tumors  ol  the  p&riet&l  reg-ion,  including  the  superior  and  inferior 
parietal  lobules  an*  not  uniformly  attended  by  distinctive  and  local 
symptoms,  but  in  a  considerable  number  of  cases  disturbance's  of 
sensation  and  of  muscular  sense  in  the  limbs  of  the  opposite  side  have 
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been  obsen^ed.  It  lias  been  statetl  already  that  turnors  in  the  pos- 
terior central  convolution  are  more  liable  to  produee  sensory  symp- 
tonis  than  those  in  the  anterior  central  convalution.  And  it  is  pes* 
sible  that  tumors  lying  in  the  parietal  region  have  caused  sensory- 
symptoms  by  pressure  upon  the  sensory  tracts  on  their  way  from 
the  iKisterior  portion  of  the  internal  capsule  to  the  central  region  of 
the  brain.  If  this  is  so,  then  ataxia  and  anaesthesia  appearing  in 
connection  with  a  tumor  of  the  ])arietal  region  would  be  an  indirect 
local  synifitoin  rather  than  a  result  of  a  lesion  in  the  sensory  centres 
themseh'es.  The  question  of  the  existence  of  a  muscular  sense  as 
distinct  from  the  sensory  centres  and  tin*  motor  centres  has  been  dis- 
cussed on  ijage  434. 

The  symptom  of  wtrrd-blintlness  is  almost  uniformly  due  to  a  lesion 
of  the  inferior  parietal  lobule  in  the  left  hemisphere  in  right-handed 
people  and  in  the  right  hemisj^here  in  left-handed  |)eople.  A  refer- 
ence to  Piatt*  XIX.  and  to  the  discussion  of  aphasia  on  page  452 
will  show"  the  importance  of  tliis  symptom. 

Tumors  lying  in  tlie  lower  half  of  the  parietal  region  are  necessarily 
near  to  the  visual  tract  which  passes  outward  from  the  internal  eai> 
sule  to  the  occipital  lobe,  and  henc(^  defects  of  \ision  of  the  form  of 
bilateral  homonymous  hemianopsia  have  been  recorded  in  connection 
with  tumors  in  this  locality. 

Tumors  of  the  occipital  region  of  the  brain  give  rise  to  the  important 
local  symptom  of  lateral  iionmnymous  hemiano]>sia,     (See  page  449.) 

Henschen's  researelies  show  that  a  lesion  at  almost  any  portion  of 
the  oecipitfil  lobe,  if  suHiciently  deep  to  compress  the  white  matter 
of  this  region,  will  produce  heniianojisia,  and  it  is  to  be  expected 
that  in  any  lesion  of  the  nature  of  a  tumor  in  which  small  areas  of 
tissue  are  not  destroyed,  but  considerable  area.s  are  iirimaiily 
aflfected  and  arljacent  regions  are  strongly  compressed,  symptoms 
of  hemianopsia  will  be  frequent. 

The  occipital  lol>e  is  easily  accessible  to  the  surgeon,  and  therefore 
it  is  important  tlial  tumors  here  should  be  discovered  as  early  as 
possible.  It  is  not  generally  apfireciated  that  hemianopsia  is  a 
8ymi>tom  often  entirely  overlookeil  by  a  patient,  a  case  having  been 
recently  reported  by  Bleulei*^  in  which,  though  well-marked  hemian- 
opsia existed,  the  [mtient  wiis  entirely  unaware  of  any  visual  defect. 
It  is  therefore  exceedingly  imj)ortant  that  the  extent  of  the  visual 
field  in  bnth  eyes  should  be  carefully  tested  in  every  case  of  suspected 
brain  disease,  each  eye  l:>eing  testeil  separately. 

lesions  of  the  occipital  lobe  are  capable  of  producing  a  disturbance 
known  as  blindneas  of  mind,  in  which  the  patient,  though  seeing  an 
object  no  longer,  r(»cogmzes  it  as  having  been  previously  known.  This 
is  a  condition  allied  to  word-blindness,  in  which  the  patient  \s  sud- 
denly deprived  of  the  power  of  reading.  This  condition  appears  to 
be  more  frequent  in  lesions  upon  the  left  side  of  the  brain  in  right- 
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Iianded  persons,  and  upon  tin*  ri^ht  side  of  th«»  l^rain  in  left-handed 
persons.  It  may  also  occur  when  a  lesion  is  entirely  subeorticaK  as 
well  fus  when  it  is  in  the  eortex  of  the  occipital  lobe.  This  symptom 
has  I»een  disetissed  in  connection  with  aphasia  (page  450). 

TumorB  of  the  tamporal  lobes  or  tumors  lying  Upon  the  base  of  the 
cerebral  hemisi>!ieres  above  t  lie  tentorium  or  upon  the  petrous  portion 
of  the  temporal  bone  givt^  rise  to  few  recognisable  sym|)toms.  In  a 
few  such  tumors  disturljance  of  taste  and  smell  s(vm  to  have  been 
present  when  the  apex  of  the  temijoral  lobe  had  l>een  invaded  by  the 
growth,  and  when  the  uncinate  gyrus  had  been  destroyed.  There 
are  no  known  symptoms  produced  by  disturbance  of  the  lingual 
lobule. 

Tumors  invading  the  first  and  second  temporal  convolution  upon 
the  left  side  in  right-handed  persons  and  upon  the  right  side  in  left- 
handed  persons  |H-odiiee  the  form  of  apha^sia  known  as  word-deafness, 
in  which  the  person  is  unable  to  recall  the  nanav^  of  places  or  persons, 
and  cannot  understan*!  what  is  said  to  him.  They  niay  also  cause 
intereortical-sensor>^-aphasia.     (See  page  466.) 

It  is  believed  that  the  first  anfl  second  temporal  convolutions  are 
the  termination  of  the  auditory  tract,  anrl  that  each  hemisphere  is 
related  to  both  ears.  Deafness  tif  cerebral  origin  is,  however,  rare, 
and  is  not  often  observed  in  tumors  of  these  convolutions. 

Tumors  lying  within  the  Sylvian  fisBure  and  Upon  the  island  of  Reil 
produce  numerrms  symptoms  oti  account  of  their  pressure  upon  adja- 
cent parts;  thus,  by  pressing  upon  tkc  third  frontal  convolution  they 
cause  motor  aphasia;  by  invading  the  operculuni  they  produce  facial 
paralysis;  by  pressing  ujjon  the  inferior  parietal  lobule  or  the  superior 
temporal  convolution  they  may  profJuce  various  symptoms  of  sensory 
aphasia,  and  by  ilirect  pressure  ufion  the  island  of  Reil  and  upon  the 
underljing  external  capsule,  they  niay  cause  paraphasia.  If  this 
pressure  is  transmitted  more  fle(f>iy  to  the  internal  capsule  symptoms 
of  tumor  in  this  n^gion  may  also  be  caused. 

Tumors  lying  in  the  median  surface  of  the  brain  *  upon  the  gyrus 
fornieat us, gyrus  niarginalis,  ur  u[ion  the  hypocampal  convolution  are 
not  easily  diagnosticated.  Ferrier  iK:*lieves  that  in  llie  latter  convo- 
lution are  situateil  the  tactile  centres.  The  majority  of  physiolo- 
gists fMunk,  Horsley,  Schaeflfer)  anrl  of  pathologists  deny  this,  and 
recently  a  case  of  glioma  of  this  region  without  sensor>*  symptoms 
has  been  reported  by  Humi>hrey.*  Tumors  in  this  region  are  of  rare 
occurrence,  and  no  foc;d  symi>toms  can  be  assigned  to  them  as  yet. 

Tumors  of  the  corpus  caUosum  are  not  at  all  common,  only  twenty 
ca.ses  being  so  far  reeordeil  in  literatin^e.' 

The  symptoms  in  a  majority  of  these  case^  have  been  chiefly  gen- 
eral symptoms,  viz. :  headache,  vomiting,  optic  neuritis,  epileptiform 

1  Brit.  Med.  Journ..  Aug.  27,  1893. 

»  Bnijw.  Berliner  klin.  Wocti.,  1886.  Noa.  21  and  22.  Bristow,  Dis,  of  the  Ncrvoua 
System,  p.  271.  Lutzcnberger,  Neurol.  Cent r nib,,  1890,  p.  251,  Berkley,  American 
Journal  of  the  Medical  tleieiices,  June,  1800.  Oliver,  I'Diversitj'  Medical  Miignsine^ 
Aprils  1891.    Francis  and  Starr,  American  Journal  of  tlie  Medioal  Sciences,  June,  189S, 
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attacks,  physical  inertia,  lieniiparesis,  and  disturbance  of  intelligence, 
principally  in  the  form  of  dementia.  These  were  the  syniptoais  in 
one  case  under  iriy  observation.  The  la-st-narned  symptom  is  the 
only  one  that  appears  to  be  of  constant  occin-rence  in  these  cai?ci-. 
and  in  many  of  them  it  has  been  preceded  by  symptoms  quite  com- 
parable to  those  of  hysteria.  The  majority  of  eases  of  tumor  of  the 
corpus  eallosum  have  therefore  resembled  tumor  of  the  frontal  loI>e43. 
When  tumors  occur  in  the  corpus  callosmu  they  are  more  likely  to 
be  situated  far  forward  about  its  knee,  rather  than  in  its  thinner 
posterior  part.     (See  Fig.  234.) 

Our  knowledge  of  the  function  of  the  corpus  eallosum  is  ver>^  imper- 
fect, though  it  is  evident  froiti  its  structin^e  that  it  associates  the 
action  of  the  two  hemisptieres.  The  corpus  eallosum  has  been 
wholly  wanting  in  the  brain  in  a  few  cases,  and  although  this  is 
occasionally  associated  with  imbecility  it  is  a  condition  which  has 
been  found  in  persons  who  presented  no  sjTnptonLS  during  hfe/  It 
is  evident,  therefore,  that  tumors  in  this  locality  cannot  be  positively 
diagnosticated,  and  the  situation  of  such  tumors  deep  between  the 
hemispheres  forbiils  the  possibility  of  their  removal. 

Tumors  of  the  basal  ganglia,  including  the  lenticular  and  caudate 
divisions  of  the  corpus  striatum  and  the  optic  thalamus,  are  not  verj^ 
rare.  Our  knowledge  of  the  functions  of  these  ganglia  is  verj"  imper- 
fect, and  the  necessary  loss  of  function  which  must  occur  when  they 
are  destroyed  by  softening  cannot  be  detected  during  life.  It  has 
been  suggested  that  these  ganglia  are  to  be  regarded  as  vestigial 
bodies,  like  the  appendix  vermiformis,  without  active  function  in 
man.  Tumors,  however,  ui  this  region,  almost  always  produce  press- 
ure ufion  the  internal  capsule  through  which  pass  the  most  important 
motor  and  sensory  tracts,  and  wiiich  lies  between  these  ganglia. 
Hence  symptoms  of  the  nature  of  liemiplegia,  hemiataxia,  hemianses- 
thesia,  and  hemianopsia  are  ol:>served  when  tlie  tumor  invades  one 
or  more  of  these  tract-*?.  (See  Fig.  178.)  It  may  then  be  possible 
to  detect  the  progressive  growth  of  a  tumor  here  by  the  succession 
of  symptoms  produced,  one  tract  after  another  being  invaded  by 
the  disease.  Motor  symptoms  are  more  common  in  cases  of  tumors 
of  the  corpora  striata.  Sensory  symptoms  occur  in  cases  of  tumors 
of  the  optic  thalami.  When  a  tumor  invades  the  posterior  part  of 
one  thalamus,  homonymous  hemianopsia  is  an  invariable  symptom. 
This  will  be  easily  understood  by  reference  to  Fig.  183. 

It  has  been  supposed  that  lesions  in  the  <jptic  thalamus  give  rise 
to  disturbances  in  the  recognition  of  the  position  of  the  limbs  of  the 
opposite  side,  and  that  in  consequence  awkward  positions  are  as- 
sumed and  awkward  movements,  athetoid  in  character,  are  made 
(Meynert).  This  I  can  confirm.  In  the  patient  whose  tumor  of  the 
optic  tliahirnus  is  shown  in  Fig,  240  there  was  noticed  a  peculiar 
forced  posture  of  the  limbs  when  he  was  at  rest.    The  leg  was  tlirown 
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hack  and  out  with  the  tat*  pointed  flown,  and  the  hand  was  held  up 
ahove  and  in  front  of  the  head.  ThLs  .symptom  persisted  for  many 
weeks  until  total  hemiplegia  ijradually  developed.  It  has  also  been 
affirnied  that  a  tremor  quite  similar  to  that  of  multiple  sclerosis  may 
he  caused  l)y  a  tumor  of  the  tltahimus.^  It  has  been  noticed  t)iat 
tlisturbances  in  facial  expression  and  in  the  natural  play  of  facial 
feature  in  speech  and  thought  iiave  been  notice<i  in  patients  suffering 
from  disease*  of  tlie  optic  thalamus/  The  face  is  affected  on  the  side 
ojiposite  to  the  lesion  ami  tlrn's  not  act  in  suiiUng,  l>ut  can  lie  movxul 
voluntarily.     It  has  been  thought  that  certain  inhibitor^"  functions 

FtQ.  240. 
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SarcsoDiE  ot  tho  IctX  optic  tbiitomus  und  intern*!  cttpaute.    Cyst  }n  the  centre  of  the  tumor. 

are  exercised  by  the  thalamus,  and  that  undue  emotional  reactions 
occur  when  it  is  diseased.  Disturbances  in  the  l>ody  temperature 
have  been  observed  in  a  few  c^ses;'  Ca^es  are  on  record  to  support 
each  of  these  statements,  yet  it  must  be  atlmitted  that  numerous 
negative  cases,  that  is,  castas  of  tumr>r  of  the  thalamus  in  which  these 
symptoms  are  wanting,  throw  much  doubt  on  tht*  diagnostic  signifi- 


1  D.  H.  Cooke-  Lmict^t,  May  28,  1.S92. 

'  KiriUew.    \>itrol.  Cerilrnlb.,   1801,  p.   inu      Nofhnagel,  Zeitaclirift  f.  kiin.   MetL, 
1 889 .    Hf'c ht erew,  N enrol .  Ontral  bl . ,  1 884 ,  f > .  1 02 . 
*  Cowan,    Lancet »  Decf^mhM'f,  lSfi2.     Lloyd,  Med,  Ncwm,  January,  1802. 
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caiiee  of  the  effects  mentioned,'  My  own  view  of  the  functions  of 
these  ganglia  is  that  they  preside  over  many  aets  which  are  commonly 
performed  in  a  purely  automatic  manner,  for  example,  the  posture 
of  the  body,  the  ordinary  gait,  the  facial  expression,  and  probably 
emotional  control;  that  these  acts  can.  however,  be  performed  volun- 
tarily as  well  as  autoinatically,  and  hence,  when  the  automatic 
mechanism  fails,  a  volitional  act  takes  its  place,  wliicli  practice  soon 
perfects,  leaving  the  individual  quite  unconscious  of  his  defect,  and 
hence  causing  few  or  no  synii>tonLs,  It  is,  therefore — on  this  theory 
— ^clear  that  tumors  of  the  basal  ganglia  cause  few  recognizable 
symptoms. 

Tumors  of  the  corpora  quadrigemina  |>resent  sjmiptoms  of  a  focal 
character  wliich  are  diagnostic.*    These  consist  of  a  staggering  gait 
similar  to  that  seen  in  cerelieUar  disease  and  synif>toms  of  paralj'sis 
or  jjaresis  in  tlie  muscles  controUeil  b}'  the  ocular  nerves.     The  co- 
ordination in  mrjvements  of  tlie  eyes,  the  reflex  motions  of  the  eyes 
in  following  a  light  or  turning  toward!  a  sound,  and  the  power  of 
steady  gazing  at  an  object  are  contn^lled  Ijv  autoinatic  centres  in  the 
corpora  quadrigemina.     Disease  here  frequently  produces  nystagmus 
anil  interferes  with  these  automatic  movements.    The  sjTDptonis  nrv 
not  referable  to  a  disease  of  one  third  nerve  alone,  for  tlie  pupils  are 
often  unaffected.     They  are  often  bilateral  and  more  nearly  resemble 
the  symptoms  of  ophthahnoplegia  externa.     Hence,  it  is  possible  to 
distinguish  lesions  of  the  corpora  quadrigemina  from  lesions  in  the 
cms  cerebri,  which  cause  true  third  nerve  paralysis.     The  eyeballs 
art*  not  often  equally  affected,  one  Ixdug  Tuore  paralyzed  than  the 
other:  but    neither  eyeball ,  as  a  rule,  is  totally  ]>aralyze(l.      The 
superior  and  inferior  recti  are  more  connnonly  afTected  than  the  lat- 
eral nuiscles.     It  Is  the  combination  of  thc^se  ocular  symptoms  with 
the  reeling  gait  which  vn\l  lead  to  the  diagnosis  of  tumor  of  the  cor- 
pora quadrigemina  when  the  other  (genera!)  s}TQptoms  of  brain 
tumor  are  present. 

Tlie  focal  s>inptoms  of  tumors  at  the  base  of  the  brain  are  neees^- 
sarily  very  complex.  Suffice  it  to  say  that  tumors  lying  upon  the 
base  of  the  l>raiii  will  necessarily  comi>ress  one  or  more  of  the  cranial 
nerves,  eitlier  u(>on  one  side  alone  or  ujion  both  sides,  in  ease  the 
tumor  is  near  tlie  median  line.  The  situation  of  the  tumor  can 
usually  be  determinetl  by  noting  the  order  in  which  the  varioas  cranial 
nerv^es  are  invaded  from  first  to  twelfth.  (See  Figs.  177  to  181,  and 
198.)  Ttie  reader  is  also  referred  to  Chai>ter  XXXII L  for  the  con- 
siileration  of  lesions  at  the  base,  and  to  Chapter  XXXIW  for  legions 
of  tlie  crania!  nerves. 

Tumor  of  the  cnia  cerebri  is  characterized  by  the  combination  of 
ln*miplegia  of  one  side  with  third  nerve  paralysis  of  the  opposite  sitkv 
Tlie  tumor  lies  on  the  siile  on  which  the  third  nerve  is  aiTectetl.     To 


1  Wharton  Smkler.     Univeraitv  Med,  Mag..  Octolwr.  1803. 
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this  combbntinn  bilateral  heriiianopsia  iimy  be  aikied  if  the  tumor 
compresses  the  optic  tract./ 

Tumors  in  the  upper  part  of  the  pons  or  in  the  crus  cerebri  affect 
the  tliinl  aiul  fifth  nerves,  producing  external  strabismiks,  with  dila- 
tation of  the  jjupil  and  jitosis^and  also  tiiigUng,  pain  and  anaesthesia 
of  the  fare  with  ulceration  of  the  cornea,  and  sometimes  grating  oi 
the  twth  iluring  sleep.  Tumors  m  or  near  the  lower  half  <jf  the  pons 
involve  the  sixth  and  seventh  and  eightli  nerves,  causuig  internal 
stralnsmus  ^\ith  contracted  pu]}il,  paralysk  of  the  face,  inehnhng 
inability  to  close  the  cyv^,  anrl  tieafness,  with  vertigo.  Alternatin£^ 
hemij)legia  is  also  j^rodueed  by  a  lesion  in  this  region. 

Tumora  in  the  medulla  may  ilisturb  tlie  action  of  the  glossophar3'n- 
geal,  j)neumogastric,  s]>inal  accessory,  and  hypoglossal  nerves,  pro- 
ducing ihfheulty  hi  deglutitirjn,  irregular  respiration,  irregular  [ailse, 
Husliing  of  the  skin,  with  sweating,  sometimes  unilateral^  projectile 
vomiting,  polyuria,  or  glycosuria,  retraction  of  the  head  or  rolling 
of  the  head  upon  the  pillow,  anrl  histly,  paralysis  of  the  tongue,  with 
inability  to  aiticulate  distinctly  or  to  swallow. 

When  the  tumor  lies  upon  the  base  of  the  l»rain,  it  not  only  invades 
the  cranial  nerves,  but  it  presses  upon  tlie  ^^arious  tracts  which 
traverse  the  crura »  pons,  and  medulla.  Thus  it  may  give  rise  to 
hemiplegia  or  hemiataxia  or  hemiana\sthesia,  according  to  the  tract 
invaded.  These  sym)>toms  are  easily  undei^tood  by  reference  to 
Fig^.  177  to  181. 

Tumors  of  the  pons,  itroducing  jjressure  upon  the  miildle  peiluncle 
of  the  cereliellum,  produce  a  tendency  to  stagger  in  w\alking.  Tlir 
patient  usually  staggers  toward  the  side  opposite  the  tumor,  but  this 
is  ru>t  an  invariable  rule.  Tumors  of  the  pons  quite  uniftjrmly  pro- 
duce a  loss  of  the  tendon  reflexes  at  the  knee.  Tlie  control  of  the 
bladder  and  rectum  is  also  frequently  impaired. 

Tumors  of  the  cerebellum  are  exceed ir^gly  freqneiit  both  in  children 
and  in  adults,  and  present  almost  all  of  the  characteristic  general 
sjmiptoms  of  Inain  tumor.  The  situation  oi  the  cerel.iellum  held 
down  in  a  small  cavity  by  the  tentorium  cerebelU  Ls  such  that  a  small 
groTivth  in  the  posterior  fossa  is  caiial>le  of  producing  an  increase  of 
intracranial  pressure  quite  early  in  the  course  of  the  case.  (See  Fig. 
233/)  A  tumor  in  llie  |>osterior  fossa  will  also  compress  the  fourth 
ventricle  by  displacing  its  floor  or  roof,  and  ;is  a  result  of  sucli 
compression  an  accunmlation  of  fluid  in  the  ventricle,  and  subse- 
quently in  the  lateral  ventricles,  is  usual.  Hence,  symptoms  ajipear 
earlier  in  the  course  of  the  disease  iu  tumors  alw>ut  the  cereljelhuii 
than  in  tumors  elsewhere  in  the  brain.  Headache,  occipital  or 
frontal,  is  usually  the  first  symptom,  and  optic  neuritis  appears  very 
early  in  the  course  of  the  case.  The  iM'rcentage  of  ctuses  having 
optic  neuritis  is  much  greater  in  tumors  of  the  cerebellum  than  in 
tumors  in  the  cerebral  liemispiieres. 

I  VruaL    biillei.  de  ta  Soe.  Aniit,.  Pari*.  J:iii .  ISUL 


612  TUMORS  OF  THE  BRAIX. 

The  focal  symptoms  of  tumors  of  the  cerebellum  are  not  veiy 
numeroas.  Tliey  are  first  staggering  in  walking,  sometimes  attended 
by  a  strong  tendency  to  stagger  or  to  fall  in  a  particular  directiCNi: 
secondly,  sjTiiptoms  referable  to  a  compression  or  displacement  or 
stretching  of  the  cranial  ner\'es  Ijnng  in  the  posterior  fossa. 

Tumors  in  the  middle  lobe  of  the  cerebellum  uniformly  produce 
cerebellar  ataxia  or  a  staggering  gait.  Tumors  in  the  hemispheres 
of  the  cerebellum  near  to  and  compressing  the  middle  lobe  are 
attended  by  the  same  sjTiiptoms.  So  also  are  tumors  which  com- 
press the  peduncles  of  the  cerebellum,  especially  the  middle  peduncles 
in  their  course  to  the  pons,  or  the  superior  peduncles  on  their  way 
toward  the  cori)ora  quadrigemina.  Tumors  hing  uiithin  the  hemi- 
spheres which  do  not  invade  these  parts  do  not  alwaj's  produce  a 
staggering  gait.  Hence,  a  diagnosis  of  a  tumor  of  the  eerebelluni  b 
easy  when  the  tumor  lies  nenr  to  the  nKH.lian  line,  but  is  impossible 
when  it  lies  near  the  surface  in  the  lateral  portion  of  the  hemispheres. 
Thus  in  the  tumor  shown  in  Fig.  231  there  was  no  staggering;  while 
in  the  tumor  shown  in  Fig.  232  the  jwtient  staggered  toi\-ard  the 
left  side.  The  early  appearance  of  staggering  as  related  to  the 
general  symptoms  is,  therefore,  an  imj)ortant  sign  in  favor  of  a  cere- 
bellar tumor,  while  the  appearance  of  staggering  many  months  after 
the  development  of  optic  neuritis  will  merely  indicate  that  a  tumor 
hi  the  hemisphere  has  finally  reachcil  or  encroached  upon  the 
middle  lolx\ 

The  early  appearance  of  cranial  n(Tve  symptoms,  such  as  parah^sis 
of  the  face,  deafness,  disturbance  in  swallowing,  symptoms  referable 
to  the  vagus  ncTves  or  paralysis  of  one-half  of  the  tongue,  indicates 
that  th(»  tumor  lies  near  to  the  medulla  and  pons,  that  is,  upon  the 
nifcTior  surface  of  the  nTehelhini.  The*  ai)i)earance  of  these  symj'- 
tonis  late  in  th(»  disease,  lonjr  after  the  develojuncnt  of  optic  neuritLs. 
will  indicate  that  the*  growth  lias  tinally  reached  the  inferior  surfat'f', 
or  more  i)rol)al)ly  tliat  its  size  is  so  ^ivnX  as  to  have  (lisj:)hu'e(l  the 
cerebral  axis.     Such  a  tumor  is  shown  in  Fip.  232. 

The  characteristics  of  ccTehellnr  ataxia  are  a  staggering  gait  with 
stei)s  of  irrejrular  len^rth  and  position,  the  body  swaying  like  that  of 
a  person  iiiloxicatecl.  The  ataxia  of  tlu*  Ic^jrs  and  of  the  body  l< 
att(Mi(l(Ml  hy  a  decided  sense  of  vertigo,  and  does  not  usually  persist 
when  the  patient  lies  down.  These  characteristics,  together  with  the 
fact  that  the  knee-j(»rks  are  exa<r^(Tat(Ml  in  cerebellar  tumor,  will 
enable  anyone  to  distiufruish  this  disturbance  of  gait  from  that 
ai>pearinfr  in  locomotor  ataxia.  Cerebellar  ataxia  is  due  to  a  dis- 
turbance in  the  mechanism  of  eiiuilibriuni  in  so  far  as  this  depemls 
ui)on  ini])ressions  coming  to  the  brain  from  tlu^  nmscles  of  the  trunk 
and  legs.  When  the  staggering  is  in  one  direction  only  it  is  an 
indication  that  the  niichlle  peduncle  of  the  cerebellum  is  invailed  by 
the  tumor.  This  unilateral  staggering  is  not  a  connnoii  synijUom. 
In  four-fifths  of  the  cases  recorded  the  patient  has  staggc^rod  awav 
from  the  side  on  which  the  tumor  lies:  in  the  remaining  fifth  the 
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patient  has  staggered  toward  the  tumor.  The  direction  of  staggering 
is  not,  therefore,  an  absolute  sign  of  the  side  on  which  the  tumor  lies. 
When  the  middle  peduncle  of  the  cerebellum  is  invaded  there  are 
usually  cranial  nerve  symptoms  produced,  and  these  are  always  upon 
the  side  on  which  the  tumor  lies.  Hence  the  combination  of  the 
staggering  toward  one  side  with  cranial  nerve  symptoms  of  the  oppo- 
site side  will  indicate  inevitably  which  peduncle  of  the  cerebellum  is 
involved.  Thus  in  the  case  shown  in  Fig.  232  the  diagnosis  was 
made  before  death  from  this  combination  of  symptoms.  When  the 
suj)erior  peduncles  of  the  cerebellum  are  invaded,  nystagmus, 
paralysis  of  the  oculomotor  muscles,  and  blindness  are  developed. 
In  fact  it  is  impossible  to  differentiate  a  tumor  invading  the  supe- 
rior peduncles  of  the  cerebellum  from  a  tumor  of  the  corpora 
(luadrigemina. 

Diagnosis.  The  review  of  the  symptoms  just  described  will  con- 
vince the  reader  that  in  the  majority  of  cases  of  tumor  of  the  brain 
there  are  sufficient  evidences  of  the  existence  of  disease  within  the 
cranial  cavity,  and  that  the  gradual  development  and  progress  of  the 
disease  will  enable  the  physician  to  come  to  the  conclusion  that  it 
is  of  the  nature  of  a  tumor.  If  in  any  case  these  symptoms  which 
are  present  are  carefully  classified,  the  general  symptoms  being  sepa- 
rated from  the  local  symptoms,  and  the  order  of  appearance  of  the 
local  symptoms  fully  determined,  it  will  usually  be  possible  to  reach 
a  conclusion  as  to  the  situation  of  the  tumor.  The  combination 
of  local  symptoms  is  sometimes  as  characteristic  as  their  order  of 
appearance  and  method  of  extension,  as,  for  example,  in  cases  of 
tumors  of  the  crus  or  of  the  corpora  quadrigemina. 

It  is  not  to  be  forgotten,  however,  that  tumors  of  the  frontal  lobes 
and  tumors  of  the  temporal  lobes,  especially  those  situated  in  the 
right  hemisphere,  often  fail  to  cause  any  local  symptoms.  The 
absence  of  distinct  local  symptoms,  therefore,  will  point  to  these 
localities  as  the  probable  position  of  the  suspected  tumor. 

It  is  not  to  be  forgotten  that  many  local  symptoms  are  produced 
in(iirectly  by  pressure  upon  parts  not  far  from  the  tumor,  but  yet 
not  directly  invaded  in  its  growth. 

It  is  also  to  be  remembered  that  tumors  pressing  upon  large  vessels 
of  the  brain  may  so  disturb  the  circulation  as  to  produce  symptoms 
quite  similar  to  those  of  thrombosis,  and  these  symptoms  may  be  due 
to  suspension  of  function  of  a  part  lying  at  some  distance  from  the 
tumor. 

The  diagnosis  of  the  variety  of  the  tumor  present  can  be  reached 
only  by  careful  study  of  the  general  history  of  the  patient  and  by  a 
consideration  of  those  facts  that  have  been  already  mentioned  in 
the  discussion  of  the  varieties  of  brain  tumor. 

It  is  therefore  evident  that  in  the  diagnosis  of  the  disease  there 
are  always  three  questions  to  be  settled:  first,  the  existence  of  a 
tumor;  secondly,  its  situation;  thirdly,  its  variety.  A  study  of  the 
symptoms  will  usually  enable  the  physician  to  reach  an  answer  to 
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The  foral  j^yniptoiiis  of  tumors  of  the  eerebelkirn  are 
nunieruuy.  Tlit'v  are  first  staggering  in  walking,  soiiietinies  atteiicfed 
by  a  strong  tendency  to  stagger  or  to  fall  in  a  particular  lUrection; 
secondly,  syniptojiis  referal>le  to  u  conijjressioii  or  displaeement 
stretching  of  the  cranial  nerves  lying  in  the  posterior  fossa. 

Tumors  in  the  middle  lobe  of  the  cerebellum  uniformly  pnxluc 
cerebellar  ataxia  or  a  staggering  gait.     Tumors  in  the  lieiiii^sijiher 
of  the  cerebellum  near  to  and  compressing  the  middle   lolje 
attended  by  the  same  syiiiptoms.     So  also  are  tumors  which  cor 
press  the  peduncles  of  the  cerebellum,  especially  the  middle  pecluueic 
in  their  course  to  the  pons,  ttr  the  superior  peduncles  on  their  wajj 
toward  the  corjiora  quadrigemiiia.     Tumors  lying  within  the  hem 
spheres  which  do  not  invade  these  parts  do  not  always  produce 
staggering  gait.     Hence,  a  tliagnosls  of  a  tumor  of  the  cerebellum 
easy  wlien  tlie  tumor  lies  near  to  the  me<lian  line,  but  is  impossible 
when  it  lies  near  the  surface  in  the  lateral  portion  of  the  hemi^^phe^esi" 
Thus  in  the  tumor  shown  in  Fig.  231  there  wtxs  no  staggering;  whita 
in  the  tumor  shown  in  Fig.  2;^2  the  patient  staggered  toward  the 
left  side.      Tlie  early  ap|!earanee  of  staggering  ai^  related    to    the 
general  symptoms  is,  tlierefore.  an  im|H>rtant  sign  in  favor  of  a  core 
bellar  tumor,  w*hile  the  api^earancc  of  stagp;ering  many  months  after 
the  development  of  optic  neuritis  will  merely  indicate  that  a  tumor 
iJi   the   hemisphere   has  finally  reached  or  encroached   upon    the 
middle  1(»1k\ 

The  early  appearance  of  cranial  iterve  sjinptoms,  such  as  paraly: 
of  the  face,  deafness,  disturbance  in  swalltjwing,  symptoms  referablel 
to  the  %'agus  nerves  or  i)aralysis  of  one-half  of  the  tongue,  inilicateal 
that  the  tumor  lies  near  to  the  medulla  and  pons,  that  is,  upon  the| 
inferior  surface  of  the  eeretiellum.  The  ajijiearance  of  these  symp 
toiiis  late  in  the  disease,  long  after  the  devel<.>pmeiit  of  optic  neiirilis,! 
wiW  indicate  that  the  growth  has  finally  reached  the  inferior  surface^ 
or  more  probably  that  its  size  is  so  great  as  to  have  displaced  the 
eereliral  axis.     Sucli  a  tumor  is  shown  in  Fig.  232. 

The  characteristics  of  eerebc^llar  ataxia  are  a  staggering  gait  with] 
steps  of  irregular  lengtli  and  position,  the  body  swaying  like  that  ofj 
a  ixn^son  intoxicated.  The  ataxia  of  the  legs  and  of  the  body 
attended  by  a  decided  sense  of  vertigo,  and  does  not  usually  jjor^istl 
when  the  |iatient  lit^s  down.  These  characteristics,  together  \nth  xhe\ 
fact  that  the  knec*-jerks  are  exaggerated  in  cerebellar  tumor,  will 
enable  anyone  to  distinguish  this  disturbance  of  gait  from  that 
a]>j>earing  in  locomotor  ataxia.  Cerebellar  ataxia  is  due  to  a  dis 
turbance  in  the  mechanism  of  equilibrium  in  so  far  as  this  depends 
ufion  im{a"essions  canning  to  tlie  brain  from  the  muscles  of  the  trunk 
and  legs.  When  the  staggering  is  in  one  direction  only  it  is  an] 
indication  that  the  middle  petfuncle  of  the  cerebellum  is  invaded  b\H 
the  tumor.  This  unilateral  staggering  is  not  a  conimon  symptom,,] 
In  four-fifths  of  the  cases  recorded  tlie  ])atient  has  staggered  awayf 
from  the  side  on  which  the  tumnr  lies:  in  the  remaining  fifth  thpi 
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ftationt  hii^  i^tiiggereil  lowunl  the*  tuiuor.  The  diFection  of  staggering 
is  not ,  therefore,  an  absolute  sign  of  the  side  on  which  the  tumor  lies. 
When  tlie  middle  peduiiele  of  the  cerelielluni  is  invaded  tliere  are 
usually  crania!  nerve  symptoms  proiluced,  and  these  are  always  upon 
the  sirle  on  wlneh  tlu*  tumor  lies.  Hence  the  eonibinution  of  the 
staggering  toward  one  side  with  cranial  nerve  symptoms  of  the  oppo- 
site sitle  will  iiulieate  inevitably  which  |jedunele  of  the  cerebellum  l? 
involved.  Thus  in  the  ca.se  shown  in  Fig.  232  the  tliagnosis  was 
vwktlv  befcire  death  from  this  e(nnV»ination  of  symptoins.  When  the 
su])erior  peduncles  of  the  cerebellum  are  invaded,  nystagnms, 
|»:nalysis  of  the  oculomotor  muscles,  and  lilindness  are  developed, 
in  fact  it  is  impossible  to  (hfTerentiate  a  tumor  invading  the  supe- 
i"ior  j>eduncles  of  tlie  cerebellum  from  a  tumor  of  thf*  corpora 
c|uadrigeruina. 

DiagnosiB.  The  review  of  the  symptoms  just  described  will  con- 
viiice  tlu^  reader  that  in  the  majority  of  causes  of  tumor  of  the  brain 
there  are  sufficient  evitlences  of  the  existence  of  disease  within  the 
cranial  cavity,  and  tliat  the  grailual  development  antl  progress  of  the 
ilisease  will  enable  tlie  physician  to  C(*me  to  the  conclusion  that  it 
is  of  the  nature  of  a  tumor.  If  in  any  case  these  symptoms  which 
are  present  are  carefully  classified,  the  general  symptoms  being  sepa- 
rated from  the  local  syniptoms.  antl  the  order  of  ap|jearance  of  the 
local  symptoms  fully  ileterniined,  it  will  iLsually  l>e  possible  to  reach 
a  concliii^ion  as  to  the  situation  of  the  tumor.  The  combination 
of  local  symptoms  is  sometimes  a^*  characteristic  as  their  order  of 
ap|}earance  and  method  of  extension,  as,  for  exami)!e,  in  cases  of 
tumors  of  the  cms  or  of  tlie  cc»rpora  (|Uiidrigeinina. 

It  is  not  to  be  forgotten,  however,  that  tumors  of  the  frontal  lobes 
and  tumors  of  the  temporal  lolies,  esjjecially  those  situated  in  the 
right  hemisphere^  often  fail  to  cause  any  local  symptoms.  The 
absence  of  distinct  loeal  symptoms,  therefore,  will  point  to  these 
locahiies  a^  the  probable  position  of  the  suspected  tumor. 

It  is  not  to  be  forgotten  that  many  local  symptoms  are  produced 
indirectly  by  {vressure  upon  parts  not  far  fmm  the  tumor,  but  yet 
not  ilirectly  invaded  iu  its  growth. 

It  is  also  to  be  remembered  that  tmnors  [rressing  u|H^n  large  vessels 
of  the  brain  may  j^^*  disturb  th(^  circohition  as  to  produce  symptoms 
quite  similar  to  those  of  thrombosis,  and  these  symptoms  may  be  due 
to  sus{^>ension  i»f  function  of  a  part  Inng  at  some  distance  from  the 
tuuKjr. 

The  tliagnosis  of  the  variety  of  the  tumor  present  can  be  reached 
only  by  careful  study  of  the  general  history  of  the  patient  and  liy  a 
consideration  of  those:*  facts  that  Itave  been  alreaily  mentioned  in 
the  discussion  of  the  varieties  of  brain  tumor. 

It  is  therefore  evident  that  in  the  diagnt»sis  of  the  disease  there 
are  always  three  questions  to  Ije  settleil:  first,  the  existence  of  a 
tunmr:  secondly,  its  situation;  thirdly,  its  variety.  A  study  of  the 
symptoms  will  usually  enable  the  physician  to  reach  an  answer  to 
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the  fii'st  two  tiuestioriiN,  but  the  answer  to  the  last  question   will  ^ 
always  remain  uncertain. 

The  symptoms  of  brain  aliscess  may  l>e  the  same  in  kind  as  those 
of  brain  tumor,  since  both  prochice  an  increase  of  intraeranial  pressure 
iiiid  a  progressive  tlestruetioti  of  hrnin  tissne.     In  their  origin,  mode 
of  develoijmeiit,  i)ro|!:res8,  and  termination,  however,  there  are  not 
infrequently  marked  diflferenees.     Brain  abscess  develops  most  com-  1 
monly  after  severe  injuries  or  in  eonjunctiou  witli  suppurative  affec- 
tions of  the  inner  vnv  and  (if  tlie  nasal  anrl  orbital  cavities,  and  \%"ith 
caries  of  any  of  the  cranial  bones  wliieh  he  in  contact  with  the  mem- 
liranes*     These  rai'ely  occur  [jrior  to  the  dei^lopment  of  brain  tumor. 
The  symptoms  common  to  tumor  and  abscess  may  develop  after  a 
blow  on  the  head,  l>ut  when  tlie  condition  is  ane.  of  aliscess  the 
s>inptotns  aj)i)ear  in  more  ra|>id  succession,  with  p;reater  severity, 
and  more  frecjuently  witli  fever  than  w^hen  the  condition  is  that  of 
tumor.      Furthermore,  the  syin{>toms  of  abscess,  after  appearing 
suddenly,  often  subside,  the  abscess  becoming  hUeiit,  and  all  symp- 
toms disapijearing  fur  months  or  years,  and  then  breaking  out  again 
vdih  suddenly  fatal  termination.     This  course  contrasts  markedly 
with  that  in  a  case  of  a  tumor  w^here  a  gradual  progress  with  slowly 
increasing  intensity  of  all  the  9ym[)toms  is  found.     The  constant 
addition  of  new  symijtoms  is  usual  in  tumoi^s,  and  a  temporary 
remission  rather  than  intermission  of  the  symptoms  is  the  rule  when 
the  progi'ess  is  not  continuous.     There  may  also  l>e  some  points  of 
distinction  found  in  the  individual  s>Tnptoms.     Thus  headache  h 
mores<n'ere  and  paroxysmal  with  tumor;  optic  neuritis  is  much  more 
commonly  found  Mitli  tumor;  mental  changes  are  more  grat^lual  and 
constant  with  tumor, and  local  symj^toms  are  slower  in  oiLset  and  more 
apt  to  develo]^  with  tumor.     A  conifjlication  of  tumor  not  infrequent 
is  cerebral  hemorrhage.     Meningitis  is  the  usual  comi)lication  of 
abscess.     Liistly,  a  duration  of  from  one  to  two  years,  with  symp- 
toms constantly  present,  iM>iiits  directly  to  tumor, 

Tul>ercular  meningitis  is  under  certain  circumstances  easily  mi?- 
takim  for  cerel>ral  tin  nor.  This  is  not  true  of  the  ortlinary  cases  of 
tubercular  meningitis  with  acute  hydrocephalus,  w^hich  develop 
marked  symjttoms  mildly  and  terminate  fatally  within  four  or  six 
weeks.  But  there  are  a  number  u{  cases  of  tubercular  meningitis 
which  present  a  chronic  course  witli  gradual  progress,  and  in  which 
the  diagnosis  from  tubercular  tumor  is  almost  impossible.  It  m  true 
that  the  symjjtoins  often  develop  rapidly  in  these  cases,  and  yet  this 
is  sometimes  a|)inirently  the  ca.se  in  tumor,  for,  unless  a  patient  is 
carefully  watcheil,  the  early  syniptonxs  of  tumor  may  escape  notice 
for  some  time.  The  symptoms  of  chronic  tubercular  meningitis  may 
be  the  same  as  those  described  as  general  symptoms  of  brain  tumor, 
but  the  lieadache  is  more  severe  in  meningitis  :uid  more  continuous; 
tliere  is  more  likely  to  be  hyperst^nsitiveness  to  light,  sound,  or  touch 
in  meningitis^  an<l  optic  neuritis  develoj)s  less  frequently,  less  rapidly, 
and  with  less  intensitv  than  in  tumor.     Tubercles  upon  the  choroid 
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are  fouml  more  fre(|yently  in  rneninpritis  than  in  tul>ereular  tumor. 
It  is,  of  course,  untlerstood  tliat  a  lorali7.c<l  menin^itl«  may  give  rise 
to  the  same  symptoms  as  a  sTnall  turnur,  and  tlicn  the  different iatioii 
is  impossible.  This  is  more  common  aljout  the  base  of  the  brain,  in 
the  region  of  the  cranial  nerves,  than  elsewhere.  It  is  also  to  be 
rememh)ere(l  that  a  chronic  progressiva^  nieningitis  may  develop  in 
the  vicinity  i>f  a  tmiior.  Here,  again,  the  diagnosi:^  will  l»e  impos- 
sible. A  gradual  suhsideiice  of  the  ti«ymptom?,  with  recovery,  will 
point  to  meningitis  ratlier  than  to  tumor. 

Chronic  hydrocephalus,  while  not  infrequently  the  result  of  tumor 
or  meningitis,  may  l>e  dur  to  a  elu'onic  intlammation  of  the  ependyma 
of  the  ventricles.  It  then  advances  slowly.  The  fluiil  within  Uie 
ventricles  produces  pressure  upon  the  brain,  causing  atrophy.  The 
course  is  chronic,  and  the  general  symptoms  are  those  of  cerebral 
tumor.  The  local  symptoms,  however,  difYt^r  in  some  respects  from 
those  of  tumor.  Spa*^tic  paralysis  dcvelti[js  with  chronir  hydroceph- 
alus without  loeahzeil  spasms,  and  is  always  bihiteral:  the  lower  limbs 
are  affeet'cd  more  intensf*[y  than  the  upjKT.  The  child  presents  the 
extended,  adilucted.  stiff  legs,  with  overlaf>ping  knees,  rigid  muscles, 
increased  tendon  reflexes,  and  the  s]>astic  gait  so  familiar  in  infantile 
diplegia  (see  Chapter  XXVII.),  and,  in  addition,  the  hands  move 
without  proper  co-ordination.  As  the  tlisi'ase  progresses  the  crura 
cerebri  and  pons  may  be  displaced  by  the  pressure  of  the  fluid,  and 
irregular  symptoms  due  to  stretching  of  the  cranial  nerves  may 
appear.  These,  with  the  i)ara[^legia,  may  Icatl  to  a  suspicion  of  a 
tumor  of  the  |)ons  or  Imma  of  the  l»rain,  and  only  by  the  order  of 
ilevelopment  of  the  symptoms  can  I  he  differentiation  be  made. 

The  diagnosis  between  cerebral  tumor  and  cerebral  hemorrhage 
will  l»e  necessary  only  in  a  few  cases  in  which  the  onsi^t  of  the 
symptoms  has  l>een  very  sudden.  There  are  a  few  cases  of  tumor, 
chiefly  glioma,  in  which  the  growth  has  been  latent  for  some 
time,  and  hiis  then  given  rise  sudiienly,  after  a  blow  on  the  head,  or 
exposure  to  the  sun,  or  some  otlier  accidental  influence,  to  well- 
niarkcil  syTn|>toms.  These  are  usually  both  geta*ral  and  lr»eal  sjiiip- 
toms,  chiefly  the  latter.  The  suspicion  of  a  tumor  will  be  aroused 
if,  after  such  an  apoplectic  stroke,  the  symptoms  persist  and  increase 
instead  of  subsiding,  and  if  headache,  convulsions,  and  optic  neuritis 
appear.  Hemorrliage  alone  never  gives  risr*  to  the  last-nanied  sviof)- 
toni. 

There  are  a  few  genera!  diseases  which  present  certain  symptoms 
somewhat  similar  to  thos^i  occurring  in  brain  tumor,  and  thes^:*  should 
always  be  ke|>t  in  mind.  Th(\v  are  extremt^  anaemia,  with  defective 
vision*  from  myoj)ia  or  liypermetropia;  chronic  lead  poisoning  and 
chronic  diffuse  nephritis  or  contracted  kidneys.  The  knowledge  that 
these  chseases  may  sinmlate  brain  tumor  will  lead  the  physician  to 
be  upon  his  guard.  It  is  not  necessary  to  mention  the  imraerous 
points  of  the  differential  diagnosis  wdiich  will  enable  a  definite  con- 
clusion to  be  reachetl  in  anv  cjise. 
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The  Course  of  the  Disease.     The  genenil  IiLstory  of  the  proj 
of  a  patifnt  suffering  from  bruin  tunior  has  to  some  extent  beei 
ititlieutecl  in  the  chscu8sion  of  the  isyniploms.     Suffice  it  to  say  th: 
a  gradual  inoreast*  in  the  nunilier  atul  intensity  of  the  various  syuip-' 
tonis  is  u;suaL    In  some  cases  the  general  symptoms  precede  the  local 
symjitoms  by  several  months,  aiul  optic  neuritis  does  not  often  appeati 
within  three  months  of  the  beginning  of  the  sym|>tonis,  unless  tin 
tumor  is  in  the  cerebellum  or  on  the  base  of  the  l>rain.     In  som< 
cases  the  local  symptoms  appear  lx*fore  the  general  symptoms,  esjM* 
cially  if  the  tumor  is  located  iii  the  motor  cortex,  when  the  case  ma; 
be  regarded  for  some  time  as  one  of  cortical  epilepsy  until  the  genei 
symptoms  of  brain  tunior  superv^ene.' 

As  the  case  goes  on  and  both  Itjcal  aiu!  general  symptoms  become 
more  numerous  the  suffering  of  the  patient  becomes  more  intense, 

If  the  case  is  one  of  gumma  it  may  be  possible  to  relieve  thej 
symptoms  and,  by  a  ijrogressive  course  of  treatment,  to  cure  the 
patient  entirely.     Under  these  circumstances  the  symptoms  grail- 
ually  subside  ami  Ixn-ome  less  in  intensity  up  to  recovery.     In  other 
cases  it  is  possil^le  to  locate  the  tumor  absolutely  in  a  position  acceis- 
sible  to  the  surgeon  and  to  remove  it  by  opt»ration,  and  under  these 
eircumstances  the  recovery  of  the  patient  is  gra*!urd  but  [irogressive 
after  the  operation  is  over.    The  brain  resumes  its  functions  after  the 
pressure  of  tlie  tumor  is  removefL     ^^'llen  a  i>ortion  of  the  brain  has 
been  injured  in  the  rtunoval  of  tla^  tumor  recovery  may  be  iniper- 
fect,  with  sonn^  defects  of  sight,  or  motion,  or  sensation  remaining. 
In  thfjse  cases   that  are   not    sul)jeet  to  specific  treatment  and  in 
which  the  tumor  cannot  be  removed  the  course  is  progressively  down- 
ward, the  patient  suffering  more  and  more  intensely  as  the  tumor 
grows,  and  finally  passing  into  a  state  of  coma  or  dying  in  convul- 
sions. 

The  avcTiige  duration  of  the  symptoms  is  said  to  be  three  years, 
but  indivitlual  ciuses  vary  gn^atly. 

There  are  a  few  cases,  however,  in  which,  either  spontaneously  or 
under  specific  treatment,  a  tumor  has  ceased  to  grow  ami  the  patient 
has  apparently  recovered  and  remainetl  quite  well  for  some  months 
or  even  years,  the  brain  appareiitly  resuming  its  function.  Two  such 
casf*s  have  come  under  my  oliservation.  In  one  tlie  recovery  lasted 
four  months,  sudden  death  following,  due  to  the  rupture  of  a  cyst 
which  lay  at  the  side  of  a  sarcoma.  In  the  oth<T  an  interval  of  eight 
years  occurred,  aft<*r  wlu(*h  iht*  symptoms  returned  and  caused  death. 
In  the  last  case  optic  neuritis,  which  was  present  at  the  first  attack. 
subside<l  entirely,  but  recurred  at  the  second  attack.  The  tumor  wad 
a  sarcoma  in  the  cerebellum.  In  both  cases  there  was  no  evidence  of 
syphilis,  yvi  tlie  treatment,  which  was  api>arent!y  successful,  was 
by  inunctions  of  mercury  and  large  <!ijses  (30(1  to  ItMJ  grains  daily\ 
of  iodide  of  potassium. 

*  Kocher.    Zt  itach,  f.  Clurur^c,  June.  l»m. 
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In  mmv  t-uses  of  tumor  of  the  lirain  sinlilen  (InUli  luis  occurred 
unexpectedly.  I  have  witnessed  four  such  deaths  in  patients 
about  to  l>e  .subjected  to  oi>eration.  lo  two  of  these  ciuses  tumor  of 
the  cerebelhmi  near  to  and  pressing  upon  the  medulla  was  found. 
In  one  of  these  eases  the  herirt  contiiuied  to  beat  six  hoin\^  after 
voluntary  respiratory  movements  had  eeast^d. 

Prognosis.  It  is  evident  from  this  statement  of  tin*  course  of  the 
disea.se  that  the  general  prognosis  in  brain  tumor  is  unfavorable.  We 
have  seen  from  a  tal>!e  on  page  5S5  that  but  9  per  cent,  of  tumors 
of  the  liniin  are  open  to  *  operation.  It  is  therefore  evident  that  in 
the  vast  majority  of  the  eases  we  carmot  giv^e  the  patient  any  lujpe. 

There  is  always  a  jjo.ssibility  that  a  tumor  may  l>e  syphilitic.  It 
is  always  iiiijK'rative,  therefore,  as  soon  as  the  diagnosis  is  estab- 
lished, to  try  llie  effect  of  specific  treatment.  My  preference  is  for 
the  use  of  inunctions  of  mercury,  one  draehm  of  blue  ointment  Ijeing 
ruljbed  in  at  night  after  a  hot  bath,  a  different  part  of  the  body 
being  selected  for  eacli  atiplication,  and  after  the  application  being 
covere*!  with  l)andages  so  that  the  [jrocess  of  absorption  of  the  oint- 
ment remaining  upon  the  skin  may  occur  during  the  night.  At  least 
two  ounces  of  blue  ointment  should  thus  be  used,  and  if  improve- 
ment is  evident  the  inunctions  may  be  rejTeated  after  an  interval  of 
two  weeks.  The  occurrence  of  .salivation  mil  necessitate  the  cessa- 
tion of  the  use  of  mercury  temjiorarily.  At  the  same  time  large 
doses  of  iodide  of  potash  sIkhiM  be  given,  beginning  with  twenty 
grains  three  times  a  day,  and  increasing  the  dose  one  or  more  grains 
daily  until  KK)  grains  three  times  a  <lay  have  l^een  reached.  Tht* 
iodide  may  be  given  in  Vichy  water  or  in  milk,  before  or  after  meals, 
according  to  the  condition  of  digestion.  My  jjreference  is  to  give  it 
liefore  meals. 

Care  in  the  regulation  of  the  iliet,  the  use  of  simple  and  nutritious 
food,  frequent  massage  to  aid  rligestion,  and  a  daily  hot  Imth  at  a 
temperature  of  100°  F.  continued  for  fifteen  to  twenty  minutes  are 
es.sential  during  the  taking  of  these  large  do.sc^s  of  iodide. 

Wlien  the  tumor  is  of  a  gummatous  nature  a  decided  improvement 
in  all  the  symjytoms,  and  i>articularly  in  insomnia  and  headache, 
should  be  observed  within  a  month,  Sueh  iin[>rovement  may,  how- 
ever, occur  in  eases  of  either  sarcoma,  or  glioma,  or  cystic  tumors.  It 
is  therefore  necessary  to  keep  up  this  treatme!it  for  two  months 
longer.  If  the  iniprovenient  continues  and  the  patient  gradually 
recovers,  it  is  probable  that  a  gumma  has  been  absorbeil.  In  a  ease 
recently  muler  my  observation  in  which  the  symptoms  in  January, 
1893,  were  intense  headache,  insomnia,  mental  apathy,  staggering 
gait,  great  general  weakness,  optic  neuritis  in  both  eyes,  with  partial 
blindness  in  the  right  eye  and  total  paralysis  of  the  right  third  nerve, 
partial  amesthe.sia  of  the  right  side  of  the  face,  and  paresis  of  the 
right  sixth  an<l  seventh  nerves,  there  was  by  November,  1893,  a 
com|)Iete  recovery,  which  still  ]>ersists,  an  occasional  nocturnal  head- 
ache being  the  only  sym|)tom  remaining.     Five  courses  of  inunction 
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have  been  employed  and  iodide  has  teen  given  to  the  extent  of  250 
grains  a  day,  the  dose  bein^  varipd  from  tim**  to  time  when  .symptoms 
of  intolerance  appeared.  Thus  in  ten  months  a  basal  gumma  of 
considerable  size  ha.s  been  absorbed  by  persistent  treatment. 

If  the  tumor  |)resent  is  a  saref^mu  or  glioma,  and  an  improvement 
lias  (KM'urred  during  the  firyt  months  of  treatment^  such  improvement 
will  not  always  fiersist.  and  tlierefore  a  return  of  the  symptoms  during 
the  course  of  specific  treatment  is  a  pretty  sure  proof  that  the  tumor 
is  not  of  the  nature  of  a  gumma.  It  is  useless  to  continue  specific 
treatment  after  tfiree  months  of  thorough  trial ;  it  is  better  to  refuse 
mechcal  treatment  or  to  {le[>end  entirely  upon  palliatives  under  these 
cireumstanoeH,  It  must  Ix*  stated,  however,  that  some  authorities 
believe  that  tumors  of  the  brain,  not  sypliilitic  in  nature,  have  t>een 
causerl  by  the  persistent  use  of  large  doses  of  iodide.  In  every 
case,  therefore,  \\'!iere  surgical  treatment  is  impossible  it  is  well  to 
emj)lny  this  remedy. 

Treatment,  I.  Medical  Treatment.  Headache  can  be  relieved  by 
a  free  use  of  phenacetin,  antipyrine,  or  acetanilid.  The  doses  of 
these  drugs  which  nmst  be  used  are  larger  than  those  commonly 
einijloyed,  aufl  it  is  my  practice  to  begin  with  the  ordinary  dos«3 
:md  rajiidly  increase  the  number  of  doses  given,  eombinuig  with  the 
rlrug  any  heart  stinuilant,  catTeine  being  the  one  preferred.  If  the 
patient  be  carefully  watched  while  tliis  is  being  done  it  will  soon  be 
found  ]>ossible  to  give  safely  twenty  grains  of  antipyrine,  fifteen  to 
twenty  grains  of  |>henacetin,  or  ten  grains  of  acetanilid  at  a  dose, 
and  this  dose  may  be  iv[>eated  after  three  hours,  providefl  the  hetui- 
aehe  returns.  In  a  few  cases  the  headache  may  be  benefited  by 
ice-bags  to  the  head,  by  hot  baths,  or  by  ergot.  If  these  remedies 
are  useless  resort  must  Ix*  had  to  morphine,  but  this  drug  is  esijecially 
unsatisfactory  in  the  treatment  of  headache  from  brain  tumors, 
imless  ver}^  large  dfjses  are  given.  Vomiting  and  vertigo  in  brain 
tumor  are  best  relieved  by  the  use  of  bromide  of  sodium  or  by  hy- 
drobromate  of  hyoscine  in  y^^Vw  gf-  dt>se  re|>eated  ever\^  four  hours. 

The  course  of  optic  neuritis  cannot  be  aiTested,  though  it  may  be 
somewhat  delayed  by  cupi)ing  the  temples.  While  strychnine  will  at 
any  time,  when  given  hypodcrmically,  improve  temporarily  the  power 
of  \qsion,  yet  it  does  no  permanent  good,  and  is  thought  by  some  to 
hasten  the  j)rogress  of  the  disease. 

Epileptiform  convulsions  may  be  reduced  in  freiiuency  by  the  free 
use  of  bromides,  but  cannot  be  arrested  as  long  as  the  disease  goes 
on.  It  is  thus  e\'ident  that  the  treatment  of  the  general  symptoms 
of  brain  tumor  is  exceedingly  unsatisfactory.  There  is  no  treatment 
kno\^Ti  that  will  in  any  way  afTeet  the  local  symptoms,  massage  and 
electricity  to  paralyzed  limbs  being  mere  palliatives,  capable  only  of 
maintaining  the  nutrition  of  the  muscles. 

2.  The  surgical  treatment  of  brain  tumors  is  a  subject  which  has 
awakened  much  interest  of  late,  inasmuch  as  over  400  tumors  have 
been  operated  upon  within  the  past  twelve  years. 
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I  have  made  a  colleetion  of  377  tumor:^  of  the  brain  in  which  an 
operation  has  been  attempted/  The  results  are  shown  in  the  follow- 
ing table: 

Table  of  Results  of  Operations  for  Braiit  Tumor. 

GtaBMln  which  tbe  tomor  was  found  tnd  removed  nod  |i&Uent  recoTered    \H  l<i 

«i  „  ..       M  u  ..  ..       ..       ^i^  52  8 

••  ••  *'       •♦  but  could  not  be  removed       .       .     il  12 

"  **  ♦'        ••     iiol  fimod 91  22 

It  is  evident  that  in  this  disease,  formerly  considered  absolutely 
fatal,  a  certain  proportion  of  patient.s  can  be  saved.  Such  favorable 
results  make  it  imperative  to  consider  the  [lossibility  of  operation  in 
ever)'  case  of  brain  tumor.  Succesi?  in  these  operations  de|>end9 
(1)  on  the  situation  of  the  tumor;  (2)  on  its  removal  early  in  the 
course  of  the  disease;  (3)  on  the  variety  of  tumor  found;  (4)  on  tlie 
amomit  of  brain  tissue  destroyed  either  by  the  tumor  tjr  in  the  cour.^r 
of  the  operation. 

An  analysis  of  the  successful  cases  shows  that  they  were  chiefly 
tumors  situated  about  the  fissures  of  Rolando  or  SyKius,  giving  rise 
to  motor  or  ai>ha.sic  symptoms  easily  localize*!,  I  have  had  a  number 
of  these  cases;  in  two  perfect  recovery  lias  been  the  i-esult,  and  the 
patients  are  now  alive  and  welh  A  number  of  tumors  have  been 
successfully  removed  from  the  frontal  convolutions,  from  the  parietal 
region,  and  from  t!ie  occipital  region,  but  the  percentage  of  failures 
in  these  localities,  due  probably  to  uncertainty  in  diagnosis,  was 
greater  than  in  the  motor  region.  I  hav^e  had  successful  cases  in 
each  of  these  localities.  The  cerebellum  is  very  difficult  to  reach, 
only  a  small  jiart  of  each  hemis|>liere  lieing  accessible  through  the 
occipital  !)one,  and  hence  tlie  successfn!  cases  of  reni€*va!  of  cerel)ellar 
tumors  are  small  in  number.  In  several  patients  with  ccrel>ellar 
tumor  whom  I  have  had  trephined  it  has  been  impossible  to  reach  or 
to  completely  remove  the  tunioi'.  In  any  case,  therefore,  w^here  the 
tumor  is  cortical,  can  be  locaiizetl  accurately,  and  is  accessible,  the 
cljance  of  success  is  good.  In  some  cases  tumors  beneath  the  cortex 
can  be  removed.  It  is  quite  safe  to  incise  the  brain  to  a  depth  of 
several  inches  if  the  ventricle  is  not  opened.  If  a  tumor  is  not  seen 
at  an  operation  it  may  l^e  felt  for,  the  finger  being  thrust  into  the 
brain  at  the  bottom  of  a  sulcus.  Tlius  in  a  vnm  of  deep  lying  tumor 
of  the  parieto-occipital  region,  removed  for  me  by  McCosh,  it  was 
only  at  the  second  0[>eration  and  by  a  deep  incision  that  this  was 
found.  It  proved  to  be  an  encapsulateil  sarcoma  with  a  i>edtcle 
attached  to  the  falx,  and  its  removal  was  followed  by  ai>j>arent 
recovery,  liemianopsia  remaining.  The  tumor,  however,  recurred 
some  months  later,  aufl  the  patient  died.  It  is  to  be  rememl>ered 
that  deep  incisions  or  lacerations  of  the  brain  in  the  removal  lead 


i  Brain  Surgerv.     Wm.  Wood  *&  Co ,  189:^. 
1896-     :^font^eal  Medical  Journal,    November, 
June,  1903,  where  eacli  ease  is  tabulated. 


New  York  Medicnl  Record,  Fehntary  I, 
1897.     Journ.  of  Xerv.  and  Mefii,  Dis., 
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to  peniianent  syinptoms,  and   the  sear  is  likely  to  prove  the  fc 
of  irritation  for  subsequent  epileptic  attacks. 

Thesecotid  factor  in  success  is  the  promptness  with  which  the  need 
of  an  operation  is  recognized  and  the  proccniure  undertaken,     Manj 
patients  could  liave  been  saved,  w!k:>  have  died,  had  the   tumoij 
been  removed  at  an  earlier  time  in  the  course  of  the  case.     The" 
moment  an  accessible  tumor  is  diagnosticated  an  operation  should 
be  undertaken.    It  is  a  mistake  to  try  medical  treatment,  even  anti-      j 
syphihtie   treatment  in  syphilitic  cases,  as  the  operation  even   ia^^ 
these  affords  rapiil  relief,  and  in  causes  where  it  fails  valuable  tinid^f 
is  lost.  ^ 

The  ttiird  factor  in  succe^  is  the  variety  of  tumor  found.     The_ 
follo\\ing  ta)>le  illustrates  this  fact: 

Table  of  Variety  uf  Tumor  Removed,  and  R^ult. 

Variety,                                                                        Betot^td.  iHed, 

Sajcanuk      , ^2  30 

OltoMTCOtmi                                                                .       .    30  0 

Cyit      ,       .       .       .       .                                                  .    2»  11 

Angioma     .       .       .       .       .                                          .7  1 

GumniA       .......     S  S 

TuberculAr .       .            ii>  S 

Fibmma       .        .                       .                       ....      7  2 

EtMlothellomni                                                                      r  i 

6llo4nA         ....                                                        I  13 


Sarcoma.  gli(jsarcf»ma,  an* I  fibroma  are  usually  hard,  encapsulated^ 
easily  sejjarable  from  the  brain  tissue,  and  can  l)e  removed  without 
laceration. 

Cysts  of  the  brain  are  easily  emptied  when  found,  but  tlie  mer 
abstraction  of  the  fluid  gives  no  permanent  relief,  as  it  reaceumulat^^'^. 
It  is  necessary,  therefore,  eithrr  to  drain  the  cyst  and  thus  secure  itsj 
closure  from  the  bottom  by  the  Hpi)roximation  of  its  walls,  or  else] 
to  remove  the  whole  of  the  cyst  by  dissecting  it  out  from  the  braiuJ 
The  latter  is  the  best  method  when  the  cyst  is  on  the  surface,  bull 
is  a  dangerous  jjrocess,  and  is  sure  to  be  followed  by  the  forniatiouf 
of  scar  tissue,  which  in  itself  is  a  constant  irritant  to  the  bratn«.| 
Drainage  is  necessary  in  deeper  lying  cysts.  If,  however^  the  cy^t 
is  a  part  of  a  glioma  the  removal  of  its  wall  and  adjacent  ti 
affords  less  hofje. 

Angioma,  if  lying  on  the  cortex  and  if  Tuade  uj>,  as  is  usual, 
vessels  from  the  pm,  can  be  easily  removed  if  care  be  taken  to  ligate^ 
all  the  vessels  entering  the  tumor  l>efore  any  are  cut.    But  such  lign- 
lion  ntay  be  followed,  as  hi  one  patient  of  m^'  own,  by  extensiw^ 
softening  of  the  ama  the  veins  of  which  were  tied. 

Gumma,  if  hard,  is  easily  taken  out,  but  if  soft  and  infiltratinftl 
the  pia  is  more  difficult  of  removal.  The  hanl  tyi>e  requires  surgical  I 
treatment:  hence  it  should  be  n^moved.  The  soft  type  will  yield  ta| 
merlical  treatment,  which  should  in  any  case  follow  the  opcTalic 
when  a  gun  una  is  founil. 
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The  question  of  operative  interference  when  a  tubercular  tunwr  i.s 
iliagnosticiitet!  hiLs^iven  rise  tosonu'  diseusyioH,  voii  Bergoianii  lieing 
opposefi  to  such  operations  and  Hftrsley  Ijeiiig  in  tlieir  favor.  It 
must  be  admit tett  that  a  perinmieiit  cure  by  operation  is  less  likely 
to  be  achieved  in  the  case  of  a  tubercular  tumor  than  in  the  case  of 
a  fu>n-tul>ercular  tumor,  there  l>eina;  not  only  the  danger  of  recurrence 
but  also  the  possibility  of  the  existence  of  undetected  tumf^rs  else- 
wfiere  in  the  linun  and  the  *iaiiger  of  the  development  of  tubercular 
meningitis  subsequently  to  the  operation.  An  operation  is  capable 
of  prolonging  life,  and  hence  should  not  be  wholly  condemned. 

Tlie  prospect  of  recovery  when  an  endothelioma  or  a  glitmia  is 
found  is  not  goorl,  for  it  is  rarely  iKissible  to  remove  thesc^  tumors 
com]>lete!y,  ns  they  inhUrate  the  brain,  arid  even  if  removed  they  are 
liatile  to  recur  Carcinoma  is  particularly  unfavorable  because  it  is 
uf^ually  secondary  to  carcinoma  elsewhere. 

Tlie  flegn^e  of  ultimate  n^ovt'ry  after  such  o{x^rations  will  dt^pend 
upon  the  amount  of  destruction  of  brain  tissue  prochiced  liy  the 
tumor  or  by  the  necessary  incisions  of  tlie  operator.  Sometimes  this 
is  considerable,  and  the  patients  are  left  incapacitated  for  life.  In 
many  cases,  howi^ver,  of  which  1  can  record  severab  a  eomijlete 
recovery  has  occurretb  even  wtien  extensive  paralysis  had  jireceded 
the  operation.  In  the  table  of  results  the  word  '"  recovered''  imli- 
cates  that  the  patient  survived  the  opemtion  and  was  improved  by 
it.  It  is  not  to  be  interpreted  as  implying  a  eomjilete  restoration 
to  health,  whicli  rarely  occurs.  It  is  no  small  result  in  such  cases 
to  save  a  patients  life  and  to  arrest  t!ie  f>rogress  of  a  fatal  disease. 

The  surgical  details  of  the  opi?ration  ilo  not  retiuire  description, 
I  King  beyond  the  seoix^  of  the  physician/  They  are  many  antl  com- 
plex. The  ojieration  is  not  to  be  undertaken  lightly  or  without 
experience,  and  it  is  better  for  the  |>hysician  to  refer  such  cases  to 
some  surgeon  who  is  famihar  with  the  niethoils  of  jM'ocedure. 

W'hen  an  operation  for  a  brain  tumor  is  advised  it  shoulrl  he 
explained  that  it  is  an  exploratory  operation,  that  it  may  save  life, 
but  that  it  may  leave  disabilities  which  will  be  j)ennanent:  that  it 
may  fail  because  of  the  impossibility  of  removal  of  the  tunmr,  either 
because  of  its  deep  position  or  of  its  nature.  At  the  same  time  it 
shfaikl  be  urged  as  affording  a  possible  cure  for  an  otherwise  fatal 
dis<:^ase. 

Horsley  has  advised  that  in  cases  in  which  thr  tumor  is  inacc»'ssil>le 
a  large  opening  be  made  in  tlie  skull  and  that  a  drainage  tube  be 
passed  within  the  dura,  or  that  the  ventricle  be  drained  to  relieve, 
if  possible,  tlie  intracranial  pressure.  I  have  seen  this  done,  but  it 
seems  to  me  of  prof ilematical  value,  as  it  merely  prolongs  t  he  misery 
in  a  hoijeless  condition. 


'   See  Firain  8urger>\  by  \f,  Allen  Starr,  M  D.      Win    XWttul  &  Co.,  lSf>3.     Also  Rniin 
Svirgery,  by  W.  \\\  Keen,  M.D.    Reference  Hajulbook  Med.  Seienees,  Wm.  Wood  A  Vo. 


CHAPTER    XXXIIl. 
BULBAR  PARALYSIS. 

THE   CEREBRAL   AXIS. 

The  cerebnil  axis  coiusiyts  of  the  crura  <T'rebri,  pons  Varolii,  and 
oiedulla  oblongata,  which  lie  upon  the  hta^e  of  tlie  ^kull,  (See  Fig. 
199,  page  476 J  It  contains  the  nuclei  of  origin  of  all  the  cranial 
nerves  (except  the  first  and  second  These  are  arranged  in  groups, 
lying  upon  the  floor  of  the  fourth  ventricle  or  near  to  it.  It  also 
contains  the  great  motor  find  sensory  tracts  connectiiig  tlie  cerebrum 
and  cerebelhnn  with  each  other  and  with  the  spinal  cord.  Fig.  241 
shows  a  lateral  view^  of  the  cerebral  axis  and  Fig.  19S  (page  475) 
shows  a  transparent  iliagrarn  which  indicates  the  position  and  rela- 
tive arrangement  of  the  nuclei  within  it.  Figs.  177  to  182  (pages 
440  to  446)  show  the  various  tracts  passing  through  the  cerebral  axis. 

From  a  study  of  these  diagrams  and  from  a  consideration  of  the 
symptoms  of  lesions  in  the  cerebral  axis  already  disciLssed,  pages 
439  and  474,  it  is  evident  that  gross  lesions  such  as  hemorrhages, 
smail  areas  of  softening  due  to  thrombi  or  emboli^  plaques  of  sclerosis, 
and  tumors  of  the  cerebral  axis,  can  lye  easily  lucatetl  by  their  eflfects 
upon  the  crania!  ner\'es  and  upon  the  sensory  and  motor  tracts.  The 
characteristic  features  of  such  lesions  are  alternating  paralysLs  or 
anastliesia  when  the  lesion  is  unilateral,  and  paraplegia  with  cranial 
nerve  symptoms  when  it  is  bilateral.  The  small  size  of  the  cerebral 
axis  and  the  importance  of  the  tenth  nerve  centres  to  life  make  it 
t^vident  that  lesions  wliich  are  larger  than  half  an  inch  in  diameter  are 
usually  inmiediately  fatal.  If,  lioweviT,  a  lesion  spares  the  tenth 
nerve  nuclei,  the  ]>atient  may  live,  and  then  a  diagnosis  of  bulbar 
lesion  is  not  difficult.  The  prognosis  is,  however,  more  serious  than 
in  tumor,  hemorrhage,  or  softening  elsewhere  in  the  brain,  as  an 
extension  of  the  lesion  may  end  hfe  at  any  time,  and  regeneration  in 
these  imclei  and  tracts  does  not  occur. 


BULBAR  PARALYSIS. 

Any  affection  which  involves  the  cerebral  axis  may  be  termcil 
liullmr  j)aralysis.  Tims  caa\s  of  liemorrhagt*,  which  are  rare,  or  of 
softening,  which  are  connnon  in  the  crura,  pon.s,  or  medulla,  niay  he 
described  as  '*  acute  apoplectiform  bulbar  paralysis/'  But  since  such 
cases  differ  from  cases  of  cerebral  apoplexy  in  no  respect  excepting 
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in  the  peculiar  comljinatiuii  of  tlieir  syiiiptonus,  due  to  the  location 
of  the  lesion,  it  seems  unwise  to  estal>lish  a  special  category  of  dis- 


Fio.  241. 


The  cerebral  axis.  The  cranial  nerves  and  their  nDclei  are  numbered  ///  to  Xih  Brej*  Su- 
perior pedUDcle  of  cerebellum.  €Vh<  Corpus  ixtim mil lare.  Cop.  Posterior  commissure.  />if,  Decus- 
ifttlou  of  toperior  peduncVle.  /JXm.  Senaory  decaaaatlon  In  medulla.  DPp.  Motor  decu*.^liun  in 
medtilla,  /J  T.  Crcfflwed  bundle  of  V.  nerve;,  /bf.  Internal  arc iiate  flbr^.  /W  Fornix.  />ifl»  Ftmlculus 
gracUli.  /?p.  Posterior  longitudinal  liocdie.  FriJ.  Fasdculu§  retrofiexuji.  If,  InfOndfbtilum. 
hei>.  Locus  cceruleuB.  Lm.  Leratilsctw.  Sq.  Anterior  nucleus  of  thalamus.  Nar,  Nucleus  arcu- 
HtUB.  jVp.  Nucleus  grraclllft.  So.  Olive.  Stg.  Nucleus  tegmeoti.  N,  Red  nucleus.  Oaa.  Ventral 
ollvury  nucleus.  Wo*'.  Dorsal  olivarjr  nucleus.  /*r>.  Pon».  F09.  Superficial  transverse  Hbres  of 
pon*.  /^.  Pes  peduncull*  /v.  Pyramid,  f^,  f^p,  Corponi  qufldrigemina.  Sn.  Substantia  ulgre. 
Stm,  Striffi  acustlctti.  Siz.  Stratum  xonitle  of  the  thalnmus,  Thn.  Thalamus.  l»i.  Lower  thala 
mic  bundle.  Va.  Vieq  d'Axyr's  bundle.  Vg.  Aulerlor  ccilumn*  Vnxa^  Valve  of  Vieuitsens, 
(ObetBteitier.) 


Section  through  the  pon«i  Varolii*  showing  multiple  hemorrhagCH  which  caused  death. 
(Gointe  des  paralyisles  Ps«udo-bulb*lrei§,  Pans,  1900.) 


eas<^?s  for  these  eases.     The  facts  already  stated  in  regard  to  the 
pathology  of  apoplexy  (page  489),  and  in  regard  to  its  symptoms, 


I 
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and  especially  those  produced  by  lesions  in  tliis  region  (page  474)1 
apjil}^  to  this  condition  and  make  it  unneeessaiy  to  do  more  thaiil 
mention  an  affection  which,  though  extremely  rare,  has  received  sonioj 
attention  in  recent  text-lM>oks.    Fig.  242  -^hows  a  diagram  of  such  a^ 
lesion,  a  number  of  ^niall  hemorrhages  in  the  pons  A^arolii  liaving 
caused  the  death  of  the  fjatieiit.     Acute  bulbar  paralysis  has  beeu 
alreatly  described  in  the  chapter  upon  encephalitis;  it  being  also 
known  as  polio-encephalitis  inferior,     (See  page  554.) 

By  bull>ar  paralysis  a  disease  of  a  chronic  progi^essive  ty|)e  ia 
usually  indicated,  also  called  glosso-labio-laryngeal  paralysis.    This! 
disetxse  is  exactly  homologous  to  chronic  anterior  poHoniyehtis,  thei 
lesion  being  in  the  cerebral  axis  and  not  in  the  spinal  cord.     It  is  a] 
slowly  advancing  degeneration  in  the  nuclei  of  origin  of  the  motor 
cranial  nerves,  one  after  another  being  involved,  usually  from  Ixdow 
upward,  but  occasionally  from  above  downward.     In  some  ea^^es  it  j 
is  a  part  of  a  more  widesprea«l  affection,  viz.,  amyotrophic  lateral 
sclerosis,  and  many  cas(*s  which  jjresent  the*  typical  features  of  bulbar 
palsy,  if  they  survive,  develoj)  the  adtlitional  symptoms  which  char- 
acterize that  disea8t\    (See  page  237.)    But  in  many  cas<-s  the  bulbar 
symptoms  are  the  only  ones  to  present  themselves,  and  prmluce  a 
very  typical  picture  which  is  easily  recognized. 

Etiology,    Tlie  etiology  of  liulbar  jjaralysis  is  obscure.     In  a  few  < 
cases  it  appc^ars  to  have  l>een  a  congenital  affection,  and  as,  in  these 
it  has  occurred  in  two  or  more  chikh'en  of  a  family  whose  parents  , 
were  related  to  one  another  or  in  children  who  showed  signs  of  | 
tlegeiuTalion,  it  has  b(H*n  coiL^idered  an  hereditary  or  a  family  dis- 
ease and  due  to  defective  development  of  the  l>rain.     In  one  such 
case  hereditary  syphilis  was  the  manifest  cause.     The  majority  of 
the  cases  develop  between  the  thirtieth  and  fiftietli  years  of  life, 
though  no  age  is  exempt.     Falls  and  blows  on  the  hea^h  emotional 
strai!i»  and  cokl  have  been  thought  to  be  causes  of  the  disease.    Over- 
wttrk  u(  the  facia!  muscles,  such  as  occurs  in  players  on  wind  instru- 
incnts,  has  been  thought  to  be  a  cause. 

Pathology.  The  |>athology  is  a  progressive  atrophy  of  the  motor 
neurones  in  the  hypoglossal,  glossopharyngeal,  spinal  acee^eorj*. 
jjncumogastriCj  facial,  and  motor  ]k\t{  of  the  trigeminal  nerves  and 
occasionally  of  the  abducens  and  oculomot<*r  nuclei  also.  The  IxKlies 
of  the  neuront*s  midergo  a  progressive  atrophy,  lose  their  branchesi, 
both  dendrites  and  axones,  Ix-eome  smaller,  and  finally  are  reduced 
to  small  nuclei  or  disa|)jM'ar  wliolly.  (See  Plate  IILi  The  axon«^ 
degenerate  in  tlie  same  mamu^r  ami  leave  an  empty  stieath.  The 
nuiscles  to  which  they  go  atrophy.  Tlie  pathology  o\'  the  diseitse  is 
therefore  iilentical  with  that  of  chronic  anterior  poliomyelitis  (q.  v,).\ 
This  lesion  may  be  limited  to  the  gray  nuclei  of  the  cerebral  axis. ' 
But  in  souie  cases  sclerosis  of  the  f>yranii(hd  (motor)  tracts  in  thr 
medulla  and  jmns  has  been  found,  and  this  in  a  few  casc*s  could  be 
traced  into  the  lateral  and  anterior  metlian  columns  of  the  spinal 
cord.     In  such  cases  it  is  evident  that  the  disease  wrs  aniyotrophtc 
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lateral  sclerosis?  and  that  the  bulbar  paralysis  was  only  the  first  stage 
of  that  affection. 

Symptoms.  The  syoipt<>nis  of  Imlljar  paralysis  usually  Ix^gin  in 
the  txjngiie,  eaiisiiig  a  slight  defeet  in  articulation,  wonls  which  con- 
tain the  lingiials,  ii,  1,  n,  r,  s,  t,  being  badly  |)ronounced.  As  the 
disejise  gc>t*s  on  this  diffieulty  of  speeeh  is  increased  by  the  develop- 
ment of  paralysis  in  the  pharynx,  which  makes  the  speecli  ntisal,  and 
of  paralysis  of  the  lips,  whicli  prevents  the  enunciation  of  b,  p,  v,  w,  y, 
and  finally  it  is  almost  impossible  to  understand  these  patients, 
the  vowpI  sounds  alone  being  clearly  produced.  When  the  larynx 
itself  becomes  paralyzed  even  j>lionati{)n  is  indistinct.  This  syni])- 
toni  has  been  termed  rlysarthria  to  *listinguish  it  from  apliasia.  Tlie 
paralysis  of  the  tongue  is  attended  by  fibrillary  twitching  and  by 
atrophy,  which  throws  the  nuicous  membrane  iiUo  fohls.  A  reaction 
of  degeneration  may  l>e  found  in  the  muscles  of  the  tongue. 

WTiile  the  symptoms  are  deve!o|}ing  disturbance  in  the  act  of  chew- 
ing antl  of  swallowing  ap[)ears.  Tlie  food  cannot  be  rolled  al>out 
in  the  mouth  on  account  of  the  paralysis  of  the  tongue  and  cannot 
be  carried  backward  to  the  pharjnx.  The  pharyngeal  nuiscles  are 
involves!,  arnl  hence  their  automatic  action  is  im[)crfect;  lience  the 
food  is  not  gras|»ed  and  lirojielled  into  the  oesophagus,  but  may  stick 
in  the  throat  and  get  intt>  the  larynx.  The  automatic  closure  of  the 
epiglottis  on  arrival  of  food  near  it  is  also  impaired  by  paralysis  of 
tlie  laryngeal  rmiscles;  lience  fluids  trickle  into  the  larynx  and  fits  of 
choking  become  frequent.  These  patients  sometimes  attempt  to  aid 
theinselves  by  [jushing  the  food  back  into  tite  pharynx  with  tlie 
finger  or  by  lying  down  when  they  attempt  to  swallow  fluids.  Tlie 
paralysis  of  the  pharynx  and  uvula  may  leaf)  to  regurgitation  of  fluids 
through  the  nose.  When  the  paralysis  reaches  the  muscles  of  mas- 
tication chewing  is  impossible,  and  semisolid  focxl  only  can  l>e  taken. 
It  is  probal>ly  one  reason  for  the  rajjiil  emaciation  of  these  patients 
that  the  difficulty  of  eating  dei>rives  them  of  a  proper  amount  of 
nourishment.  The  difficulty  in  deglutition  forms  one  of  the  chief 
dangers  of  the  disease,  for  foreign  bodies  get  into  the  larynx  ami  lungs 
anil  choke  the  [latients  or  set  u|>  pneumonia,  whirh  is  fatal.  For  this 
reiison  feeding  by  the  stomach-tul)e  shoukl  be  l>egun  early,  antl  the 
patient  should  be  instructed  how  to  pass  the  tube,  and  thus  should 
avoid  all  acts  of  swallowing. 

A  further  set  of  symiitonis  is  referable  to  the  facial  nmscles.  The 
lower  muscles  become  weak  and  atrcj}>ln%  causing  a  lack  of  facial 
expression  and  a  flattening  of  the  face  from  obliteration  of  its  folds. 
The  muscles  aljout  the  moutli  are  relaxerl  and  tlie  moutli  cannot  be 
firmly  closed,  and  the  lower  lip  hangs  down.  Hence  tlie  saliva  runs 
out,  and  the  ])atient  holds  a  handkerchief  to  catch  the  drooling.  He 
can  no  longer  whistle  or  blow.  The  jaw-jerk  may  be  increiisecL  The 
muscles  closing  the  eye  are  very  rarely  i)aralyzed.  The  lower  muscles 
of  the  face  and  of  the  ttnigue  are  in  a  slate  of  constant  filjrillary  con- 
traction caasing  a  fine  tJTinulous,  wavy  movement  of  the  skin  and 
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niuccms  iiiembraiie.  As  the  facial  jnusrlt's  atrt>ijhy  a  partial  reaction 
of  degeneration  can  be  obtainecL  The  paralysis  of  the  uitLScle^  of 
mastication  leads  to  nii  inability  to  elose  the  jaw,  which  makes  it 
necessary  for  the  patient  to  support  it  by  the  hami.  The  iongne  in 
its  final  state  nf  i>aralysis  lies  on  the  floor  of  the  mouth,  cannot  be 
put  out  or  moved  alKuit,  the  soft  palate  hangs  motioMle>5s  and  iloes 
nt>r  rise  in  speaking  or  in  swallowing;  hence  fluids  return  through  the 
nose.  In  some  cases  the  oculomotor  nuclei  l>ecome  affected  and 
various  forms  of  strabismus  and  <louble  ptosis  develop.  Thus  in  the 
patients  shown  in  Figs.  243  and  244  there  wns  not  only  a  paralysis 
of  the  facial  muscles  and  of  the  tongue,  hut  double  ptosis  with 
paralysis  of  all  tlit^  muscles  of  the  eyeballs. 


Ftg.  24», 


F«J.  744. 


FaUeat,  aufliirliig  from  bulbaj-  [iiaralyiK  Double 
ptotSs,  iilfbt  external  ^tmbi^mua,  Tftcla)  parulysli 
with  lack:  of  facial  ex  predion  and  Inability  to 
close  the  Uptare  to  be  seen.  The  effort  toofien 
the  eyea  cau8e«  a  wrfnkliDK  of  ibe  forehead. 


Bulbar  parmlvBis.  Ex^ubk-  j.;^*.  .  ,;  Ah  tx- 
temal  fttrabltrouti,  flattenlDg;  of  Uie  Iker, 
ftiablltty  to  close  the  moatb,  and  almpfai'iiil 
the  right  balf  nf  the  tongue  are  to  beacen. 
(loon,  de  bi  Salp^triiTe.) 


Unally*  the  respiratory  movements  of  the  larynx  are  interfered 
with,  H  peculiar  -stridor  is  hiniid  in  res]>iration,  the  breathing  be- 
comes raiiidp  and  death  by  fu^phyxiation  occurs.  In  the  early  stage 
a  laryngoscopic  examination  shows  weakness  of  the  adductors,  which 
later  on  becomes  a  total  paralysis.  In  a  few  cases  the  ocidomotor 
nerves  and  the  abduc*nis  have  been  (>aralyzed,  causing  })tosis,  and 
strabismus  witli  all  the  characteristics  of  ophthahiioplegia  (q,  i\). 

There  is  never  any  pain  or  anaesthesia  of  the  face,  but  headache 
ill  the  occiput  or  pain  in  the  najie  of  the  neck  is  sometimes  com- 
plained of.     Sometimes  an  increase  of  knee-jerks  is  present. 

A  very  constant  sym|>toiii  of  bulbar  jiaralysis  is  an  enn>tiunal  stale* 
whicli  Irails  to  undue  laughter  or  more  often  tofrefiuent  cryingwithoul 
apparent  cause*.  This,  as  already  stated,  must  be  reganied  as  a  Icjcal 
s\tni»tom  of  po!is  disea'*e*      In  a  few  cases  syininoms  of  spa^ic 
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Iplegia  af»|>Piir  and  the  disease  goes  on  in  ainyotrophie  lateral 
rosis.  Ill  other  cases  an  atro|>liic  paralysis  tlevelop«  in  the 
hands  and  arms,  and  it  Is  evident  that  a  ehronie  anterior  poho 
niyelUis  has  followetl  ihv  bnlhar  palsy.  It  has  ah^aily  bt^eii  stated 
tliat  ill  both  of  these  <hseas<^s  Imlliar  paralysis  may  develop  as  a 
final  result.  These  facts  point  to  a  common  origin  and  pathology 
in  all  thn?e  affccfions,  wliich  may,  therefore,  be  regarded  iis  stages  or 
varieties  of  onsi*t  in  one  disease. 

The  course  of  bulbar  |>aralysis  is  slowly  j>r(igr<'s«^ive.  In  a  few 
causes  there  may  l)e  for  a  time  ^iii  arrest  of  symptoms,  but  they  soon 
rea|>pear,  and  the  result  is  uniformly  fatal.  The  a\Trage  duration 
of  the  disea^^e  is  two  years,  but  I  have  seen  several  rapid  cases 
which  terminated  witliin  a  year  of  the  onset.  Death  is  due  to 
choking,  to  pneumonia  nr  bronchitis  t^et  up  by  inhnling  food,  or  to 
f^tarvation. 

Diagnosis.  The  *liagnosis  of  bulbar  paralysis  [iresents  no  diffi- 
culty. It  is  to  be  remembered^  however,  that  similar  symptoms  are 
caused  by  tumors  i>f  tlie  cerebral  axis,  though  these  are  rarely  so 
located  as  to  jjroduce  bilateral  symmetrical  symptoms.  I  have  seen 
one  case^  however;  in  which  the  entire  absence  of  general  symptoms 
of  brain  tumor  and  the  slowly  progi't^ssive  dev(4o|>mcnt  of  bulbar 
paralysis  led  to  tins  error,  which  wns  only  revealed  at  the  autopsy. 
Tile  history  of  the  slow  progress  of  the  symptoms  will  serve  to  <iis- 
tinguish  bulbar  paralysis  from  vascular  lesions  in  the  cerebral  axis. 
But  cases  of  aneurism  of  the  ba^silar  artery  sometimes  present  very 
similar  sympttims,  though  in  the  few  cases  thus  far  recorded  spastic 
jTararplegia  has  appeared  early. 

The  occurrence  of  spinal  and  cortical  symptoms  will  tlistitiguish 
nmltijjle  sclerosis  from  this  disease.  In  the  course  of  multiple  neu- 
ritis  eitlier  of  diphttieritic  or  of  toxir  origin  cranial  nerve  symptonm 
somewhat  like  those  of  bulbar  jialsy  may  occur.  But  the  history  of 
the  casf%  its  rapid  progress,  the  occurrence  of  other  symptoms  refer- 
able to  the  nerves  of  the  extremities,  and  the  rapid  recovery  leave 
no  doubt  a8  to  the  diagnosis  from  bull>ar  paralysis. 

There  is  a  conditifui  quite  like  that  of  bulbar  j>aralysis  whicli  is 
produced  by  bilateral  lesions  in  the  facial  motor  area  of  the  cerebral 
cortex  lying  in  the  operculum  or  in  the  motor  tracts  from  those  areas 
to  the  nuclei  of  the  cranial  nerves,  especially  in  the  internal  capsule 
near  the  lenticuhir  nucleus  and  in  the  lenticular  loop.  This  conrlition 
is  naturally  a  very  rari*  i*ne,  hut  it  has  been  observed.  It  may  l>e 
a  congenital  defect  with  porencephalus,  and  then  the  sjmaptoms 
apfx^ar  in  infancy.  It  may  be  due  to  nmltiple  sclerosis  or  to  several 
separate  attacks  of  an  apofileclic  nature,  each  causing  unilateral 
symptoms,  but  the  final  result  being  a  sym|>tom-complex  resembling 
Vjulhar  palsy.  The  history  *if  tlie  development  of  the  symptoms 
should  prevent  any  mistake  of  diagnosis.  And  in  these  cases  the 
paralysis  is  not  accompanied  by  rapidly  advancing  atrophy,  fibrillary 
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tremor,  and  reat^tioa  of  degeneration,  which  can  l>e  <lein(»nstratefT 
cases  of  bulliar  paralysis.     There  is  iiiviially  a  weab^ningaf  tlie  uund 
a  dementia,  and  not  uncommonly  .some  form  of  aphasia.     And  in 
these  cases  e\'idences  of  arterial  disease  ai*!  the  diagnosis  as  welt  n& 
tlie  non-progressive  course  of  the  symptoms. 

Finally,  it  is  necessary"  to  ditTerentiate  bulbar  jjaralysis  from 
disease*  known  as  asthenic  paralysis  or  myasthenia  gravis.  This  wa 
first  described  l>y  Erb,  later  hy  Oppenheim,  anil  then  by  ELsenlolu 
Hoppe,  and  others.^  These  authors  related  ctises  of  suppo^d  bulba 
paralysis  in  which  cither  no  lesion  was  found  after  death,  or  in  wliicl 
unexpected  recovery  ensiUMl.  The  symi>toms  were  nmch  like  tho« 
of  bulbar  paral}'sis,  th^aigii  ptosis,  paralysis  of  the  orliicularis  palj^e 
branmi,  and  weakness  of  the  nnisctes  of  the  neck,  wliich  are  verj' 
rare  in  tliat  disease »  appeared  early  in  these  cases.  This  g:ives 
peculiar  and  ty|>ical  facial  expression.  (See  Fig.  243.)  Furthermor 
in  these  cases  a  great  general  muscular  lassitude  and  undue  fati^ 
on  exertion  were  ((uite  constant,  so  that  a  few^  movements  exhauste<i 
the  patient  comidetely,  rendering  him  incapable  of  walking  or 
using  his  hamls.  Even  the  electrical  excitability  of  the  muscle 
dindnishes  progressively  as  the  current  is  applied,  until  no  contrac-^ 
tion  can  be  produced,  yet  after  a  period  of  rest  it  is  found  to  ha^ 
returned.  This  peculiarity,  termed  electrical  fatigue  of  a  muscle,  is 
characteristic  of  the  dLsc^ase,  as  sh<K\'n  by  Jolly  and  Murri.  The 
muscles  which  are  affected  df»  not  atroi>hy  aial  show  no  reaction 
degeneration.  The  course^  of  the  disea.se  thffers  from  that  in  bulbar 
palsy, for  while  the  onset  may  he  similarly  slow  and  the  various  symji- 
tonLs  may  all  be  alike  in  bulbar  and  asthenic  paralysis,  the  dbea.*^ 
is  not  steadily  jjrogressive,  PerifHls  of  inipnjvement  or  even  entimi 
subsidence  of  the  synij)toms  mx'ur.  The  patient  may  recover  and  be| 
free  from  all  signs  of  disease  fur  .some  months,  though  tlie  recover 
is  never  ijerinaiient,  as  almost  all  cases  die  within  a  few  years.  Andl 
if  the  symptoms  prove  fatal  ia»  lesion  in  the  nervous  system  lia-s  been 
found,  llany  tlieories  for  this  disea.se  have  been  offered,  hut  none 
is  wholly  satisfactory.  The  toxic  theory  seeniB  most  probable,  vri.^ 
that  somt*  unknown  agent  in  the  blood  arrt^sts  the  function  of  the] 
bulbar  and  spinal  ni*>tor  centres,  lentil  the  nature  of  the  disease  \s\ 
discnveretl  treatment  can  be  only  symptomatic. 

Prognosis*     The  prognosis  in  bulbar    i^aralysis  Is  very  serious.] 
The  patients  die  within  three  years  of  the  onset  of  the  disea;se,  ancf 
some  cases  rim  a  more  rapid  course.     The  length  of  life  may  \w ' 
prolonged  l>v  care  in  feeding  these  patients. 

Treatment.     The   treatment  should   consist  in  keeping  up  thed 
nutrition  aial  general  health  of  the  patient  by  everj^  possible  meaa-*^ 
Good  food,  massage,  life  in  the  ojien  air,  stimulating  water  treatmentj 
by  warm  i nicks  or  hot  baths,  followed  by  cool  showers  or  douche*,! 


'  See  Bram.  19CiO.    Oppenheim,  DiemyiuilhtfitiMrlie  Pamlysie,  Berlitt^  lOOl. 
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and  all  forms  of  tonics  should  be  advised.  Strychnine,  arsenic,  and 
phosphorus  in  the  form  of  hypophosphites  and  the  glycero-phosphates 
should  be  employed  freely  and  kept  up,  each  drug  being  used  a  short 
time,  and  those  selected  and  continued  which  seem  to  agree  best.  In 
the  early  stage  the  patient  should  be  carefully  instructed  in  the  pass- 
age of  the  stomach-tube,  and  this  must  be  insisted  upon,  as  later 
in  the  disease,  when  difficulty  in  swallowing  begins,  the  chief  danger 
can  be  avoided  by  its  use.  When  solids  can  no  longer  be  swallowed 
semisolid  food  should  be  given  and  supplemented  by  eggs  and  milk 
and  broths  given  through  the  tube.  When  nothing  can  be  volimtarily 
swallowed  all  food  has  to  be  given  in  this  way.  I  have  known  a 
patient  to  be  kept  alive  over  a  year  by  this  method  of  feeding.  The 
thirst  can  be  reduced  by  large  enemata  of  salt  solution  and  by  follow- 
ing each  feeding  by  giving  water  through  the  tube.  In  the  last 
stages  of  the  disease  hypodermic  medication,  with  morphine  to  allay 
the  mental  distress,  with  atropia  to  prevent  the  undue  flow  of  saliva, 
and  with  strychnine  to  support  the  vital  centres  may  be  employed. 


CHxVPTER    XXXIV 


THE  CRANIAL  NEKVES  AND  THEIR  DISEASES. 


The  number,  name,  aiul  function  of   tli<*  tTauial   nerves  are  sis 
follows : 

Fimt.     Olfactory,  seii^e  of  smell. 

Seeonii.     Optie,  sense  of  sight. 

Third     Uculoniotor,  motion  of  the  eyeball  up,  tlown,  ami  in. 

Fourth.     Patheticus,  motion  of  the  eyeball  in  and  up. 

Fifth.     Trigeminal,  seiLsory  nerve  of  the  face;  probably  nerve*  of 
taste;  and  motor  nerve  of  the  muscles  of  maslicatijon. 

Sixth.     Abducens,  nuilion  of  the  eyeball  outward. 

Seventh.     Facial,  motor  nerve  of  the  face. 

Eighth.  Aeoustic;  cochlear  division,  nerv^e  of  hearing:  vestibu- 
lar division,  nerve  of  e(|uilibriuni. 

Nint  II  (ilttssopharyngeul,  nerve  of  the  throat,  sensory  and  motor; 
possibly  of  taste. 

Tenth.     Fneumo^astrie  or  vagus  nerve,  larynx,  and  vita!  organs. 

Eleventh.     Spinal  aoeessory,  nerve  of  the  larynx  and  neck. 

Twelftlu     Hypnglossai,  nerve  of  the  tongue. 

Each  of  ihese  nerves  has  a  perijiherul  course  from  the  surface  of 
the  hea*l.  from  some  organ  of  sense,  or  from  some  group  of  niiiscl*^ 
to  its  primary  nerve  centre  lying  upon  tlie  base  of  the  brain.  Plate 
XXIII.  shows  the  coui^se  and  the  distribution  of  the  supeHicinl 
nerves  of  the  liead  and  face.  The  def^per  origin  of  the  cranial 
nerves  is  shown  in  Figs.  178  to  182,  19S,  199,  241,  and  245. 

The  [iriiiiary  centres  or  cranial  nerve  nuclei  are  closely  joine<l  to 
one  anotlier  by  association  Hbres,  and  their  interaction  is  nece:^ary 
in  many  n^tlex  acts,  such  as  the  snithng  of  an  odor  or  a  sneeze,  the 
turning  of  tl\e  eyes  and  liead  toward  an  object  wn?n,  the  winking 
caused  by  dust  in  the  eye;  the  motions  of  the  face  in  sndling,  frown- 
ing, or  cr>ing;  the  pose  of  the  head  in  listening,  <ir  quick  turning 
tow^ard  a  sound,  or  a  start  with  winking  at  a  noise:  the  involuntary 
swallowing  of  saliva  or  of  tasting  food,  and  the  acts  of  rvspiration 
and  cougliing. 

luieh  craniid  nerve  is  also  connected  witli  the  higlver  centres  of  the 
brain.  Sc»me  are  joined  directly  to  the  brain  cortex.  The  niajority 
have  an  indirect  connection,  the  tract  from  tlie  |»riinary  centre  to  the 
cortex  lx*ing  interrui>ted  in  the  Imsal  ganglia.  This  interruption  i,^ 
for  the  purpose  of  providing  for  the  numerous  unconscioas  and  invol* 


Showing  the  cli^lribution  oT  Lhe  fifth,  seventh,  and  eleventh  cranial 
nerves,  nnd  the  nervical  and  braohial  plexuses;  also  the  area  of  lhe 
middle  meoinflfeol  nrtery  in  the  inner  tabJe  of  the  skull,  injury  to 
which  is  son-teiinnes  the  onuse  of  hemiplegia;  alao  lhe  course  of  the 
bloodvessels  in  lhe  neck  and  face.    {Arnold's  Atlas.) 


Tb6  baaeof  the  brmln  tod  thecrurn.,  im)iib.  muA  Bi«diin&,  sbowing  the  BUii«rflcttt1  origin  of  the 
cranlfil  nerves,  /to  A'//.  Tbe  orniiial  nervM.  3^*  Optic  tbalamtia.  ft.  PltuiUtry  body,  re.  Tii»>er 
dnereutn.  a.  Corpora  Albiaiiul&.  p,  Fes  pedyrtciilL  i.  Interior  and  «  exlerfor  geniculate  body, 
i*r.  Tons  Varo  I  tl.  pa.  Anterior  pymmlfl  of  m^dylla  o,  Olive,  d  Deeunatloa  of  anterior  pyrt- 
m.  Anterior  colomD  of  spinal  cord,  d  Lateral  ootumn  of  spLiial  oord.  Ck.  rercb^^Uuio. 
/,  Flocoulittofoerebelliiai.    (AUeo  Tbooopaon,) 

intraiMTrfiral  tmctB  of  the  Ui^rvi%  ami  diseases  of  the  ^ecoiidary  nr 
cortical  n^ritrt's  of  the  nerve.  In  tliis  section  the  flLsetus*?s  of  the 
periphenil  part  and  of  the  jiriinary  centres  of  the  cranial  nerves  are 
consitleretL  The  disettses  of  the  iMtractTelira!  tracts  and  cortit^al 
centres  have  been  treatetl  nnder  Imiin  diseases,  pages  422  to  475. 


632 


THE  CRANIAL  NERVES  AND  THEIR  DISEASES. 


THE  FIRST  N^VE:   THE  OLFACTORY  NERVE. 


Tho  stntcturp  and  course  of  the  olfiictury  nerve  to  the  olfactoryj 
bulb  and  from  the  bulb  to  the  brain  is  (lenioiistratet!  in  Fi^.  246* 
and  19 L  The  primary  neurones  and  the  finer  filaments  of  the  nen^e 
endings  are  situated  in  the  St'hneiderian  membrane  on  the  upper  and 
middle  turljinated  bones  and  on  the  septum  of  the  nose,  all  of  which 
parts  are  pigmented.  It  is  in  the  olfactory  bulb  that  the  primary 
sensory  neurones  terminate  in  a  fine  brush  about  the  glomeruU  of 
the  nerve.  (Fig,  246,)  The  course  from  the  olfactory  bulb  to  the 
brain  must  he  regarded  as  an  intracerebral  tract.    The  mitral  cells 


Fro,  246. 
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The  olfftctorybulb  mtd  tmct.  A.  Schnetderiiin  metnbrane  in  nose  in  wtilch  Uea  pertpheni  o1lk«^ 
lor7  neurone,  B.  UlomerulnH  of  olfacmry  bulb,  C.  Mttml  cells  with  dendrites  lu  B  ftnd  Axooe* 
to  D  olflMJtory  lobe.  E.  ftraoule  cells,  F.  Cella  in  olfactory  lobe.  H.G.  Fibre*  of  olfaestory  iimcL 
(Riiacm  y  C^Jal.) 

in  the  bulb  are  the  secondary  neurones  which  receive  impulses  from 
their  dendrites  rd>out  the  glonieruh  and  stmd  impulses  along  their 
axones  in  the  olfactory  tract  to  the  cortex.  Fig.  191  shows  the  course 
of  this  tract  to  its  various  terminal  stations  in  the  optic  thalamus 
and  in  the  cortex  of  the  uncinate  g>TUs.  The  thalamic  centre  is 
joined  to  the  cortex  by  the  fornix  and  fascia  dendida.  It  is  from 
the  study  of  com]>arative  anatomy  that  these  facts  are  established. 
In  man  the  olfactory  apparatus  has  been  reduced  to  an  almost 
rudimentary  state. 

Any  disease*  that  afTe(*ts  the  terminal  filamenta  of  the  nerve  in  the 
mucous  membrime  of  the  nose  will  suspend  the  sense  of  smell.  This 
symptom  is  termeil  anosmia.  Acute  or  chronic  catarrhal  affections 
of  the  nasal  organs,  arrest  of  the  nasal  secretion,  which  tx'curs  wiieu 
the  fifth  n€*rv'e  is  disease<l:  tumors  of  the  nose,  or  polypi:  caries  of 
the  ethmoid  l>ones,  or  ethmoiditis,  or  diseases  which  interrupt  the 
transmission  of  imf>ulses  to  fhe  olfactory  hyll»  will  cause  anosmia. 
Meningitis  upon  the  base  of  the  brain,  fractures  of  the  base  of  the 
skull,  and  tumors  of  the  bone  or  of  the  brain  in  the  anterior  foeaa 
are  capable  of  tearing  or  destroying  the  fine  filaments  of  the  olfaetorj* 
nerv^e  or  of  st^parating  them  from  their  corinection  with  the  bulb. 
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Any  disease  which  ile^troys  (ir  conijiressps  tlie  olfartr^ry  hull)  or  tract 
or  its  temiinai  station  in  the  enrtex  will  have  the  s:uiie  i-tTect.  An 
arrest  of  activity  of  thi^s  centre  occurs  in  hyst<*ria. 

The  sense  of  smell  has  much  to  {|o  with  fair  appreciation  of  taste, 
and  when  it  is  lost  it  is  impossible  for  the  jiatient  to  ]>erceive  very 
delicate  differences  of  taste*  in  various  substances.  This  may  be  the 
symptom  Hrst  noticeii  hy  the  patient.  Loss  of  the  sense  of  smell  is 
a  symptom  which  is  not  often  perceived  spontaneously  as  long  as  the 
diseiusc  is  luiilateral:  hence  it  has  to  be  sought  for  by  testing  the 
patient  with  various  fra^rrant  substaoces.  The  tests  are  best  made 
with  various  perfurns'il  ptnvders  or  essential  oils»  for  it  is  to  be  rernern- 
bered  that  ammonia,  alcohol,  and  vinegar,  whicli  are  comna:inly 
used  for  this  purpose,  produce  irritation  of  the  fifth  nen'e  as  well  as 
of  the  first,  and  should  not  be  used  as  tests.  The  symi>tom  is  of 
interest  cliiefly  as  an  indication  (jf  disease  in  the  anterior  fossa  of  the 
skull,  such  a.s  tumor  or  abscess  of  the  tjrain.  A  primary  isolated 
neuritis  of  the  first  nerve  has  not  yet  been  reconled.  It  occurs  only 
as  a  result  of  nasal  disease.  Atrophy  of  the  olfactory  nerve  has  been 
said  to  occur  tm  a  complication  of  tubes.  It  must  be  the  terminal 
lesion  in  any  destruction  of  the  nerve  filires.  Irritation  of  the  ol fac- 
tor)' organ  or  of  its  cortical  centres  may  cause  hallucinations  of 
smell  (parosmia).  This  is  seen  in  epilepsy  and  in  insanity.  (See 
page  460.) 

THE  SEOOND  K£B¥£:  THE  OPTIC  NERVE. 


Anatomy*  iMir  the  finer  anatomy  :md  physinkjgy  of  the  optic 
ap|)araUis  and  retina  the  reader  is  referred  to  the  text -books  on 
oi>htiialmoIogy. 

The  anatomy  of  the  optic  nerve  and  its  conntTtions  with  the  brain 
are  shown  in  Fig,  247. 

Many  primar>^  optic  neurones  are  situated  in  the  retina,  their 
dendrites  being  connected  with  the  rcnls  and  cones,  and  these  send 
their  axoiies  to  the  primary  optic  centres  in  the  thaianms,  corpora 
geniculata,  and  corpora  ijuadrigemina.  It  will  be  noticed  that  some 
cell  bodies  in  these  basal  ganglia  send  tlieir  axones  outward  to  the 
retina,  where  thrn'  tc^rminate  in  the  rods.  Thus  the  o[>tie  nerve  con- 
tains filjres  which  pass  in  both  directions.  The  i»|jtie  nerves  pass 
backward  from  the  eye  to  the  optic  chiasm,  where  a  partial  decussa- 
tion of  the  fibres  occurs,  the  majority  crossing  over  to  the  other  side 
to  enter  the  opposite  optic  tract  and  the  minority  turning  dinrtly 
into  the  optic  Iraet  of  t!ie  siinie  side.  The  crossing  filires  convey 
imfiulses  from  the  inner  or  nasal  half  of  the  retina,  and  hence  their 
injury  causes  blintlness  in  the  outer  or  temporal  portion  of  the  visual 
field,  which  is  much  the  larger  portion.  Fibres  from  the  macula 
lutea,  wliich  fM>ii\'(\v  central  visual  imjHds(\K,  pass  from  each  eye  to 
both  o])tic  tracts;  hence  central  or  direct  vision  is  never  affected  by 
a  lesion  in  the  optic  tract.     (See  Fig.  248.)     The  optic  tracts,  con- 


IHiCnim  of  the  opU€  nerves  and  imcLs.  Od  tbe  right  or  the  ligure  the  mioses  of  grmjr  matter  In  lii« 
bawil  gaQgliA  Are  shown.  Po/r  Putvlnur  of  the  optic  ihAljimui.  Pn.  Pcaterlor  nuek'tis  otWw  fi|>ili* 
thalamtis  lying  between  Ihti  eorpu.^  Kenleulatum  exienmin  <v«,  ftud  ihe  oorpui  geniculattim  micr- 
uum  t'^^i.  /C»  Internal  CBpfiii  I  e.  f,  Fllkt.  if . V.  Hed  nucleus  of  the  tegmentum.  PITA  Peduncle 
of  the  cerebrum.  Sn,  SubsutitU  ntgra,  OT  Optic  tract,  X  Optic  chiaim.  //.  Optic  ncn«. 
1,  5.  Fibren  from  the  retina  lo  the  pahimr  of  the  optic  thAlftmna.  1.  CentripetaL  2.  iVntrl^igal 
7,  K  Ffbrt»  between  the  opttc  th&tiuiiiii  anil  the  ocdpiLal  cortex.  3,  4,  Ftbrei  between  tbe  iimim 
and  th«  corpui  genlculatum  externum.  9,  la  Corres|Kjnding  fibres  fo  the  occipital  ccirt«x.  &,  C 
Hbret  between  the  retina  and  Che  corpus  quadrlgemlniim  anierior,  11,  12.  CorroepoiidUig  flbrei  tr> 
ttie  ocdpUat  oorlei— for  ihe  sake  of  dlAUoctnen  the  d(^cuj«»atlug  opUc  nbres  only  are  traced*  U 
Cell  of  tbt  superficial  gr*^  matter  of  the  CQA  paifilng  to  the  nucleus  of  the  third  n^nre  {\€\,  ii. 
Celt  <3if  Ibe  deep  gray  of  CQA  pawing  to  the  third  nerve  nucleus.  1&.  CVU  of  the  deep  ffraj  of  Ct^A 
wilding  fibre  into  the  fillet  17.  Fibre  from  the  red  nucleus,  tennlunUng  about  li,  19.  Fibre  fiota 
the  illlet,  terminating  about  13.  QL.  Qccipttal  lobe  of  the  brain  with  lU  cortex^  ooataltUng  both 
cells  and  iermlnal  brushes  of  the  Ttsual  tract.    (Starr,  Atlas  of  Nerre  Cells.) 
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the  optic  chiasm  causes  partial  or  total  blindness,  according  to  the 
number  and  position  of  the  optic  fibres  destroyed.  If  the  lesion 
involves  one  lateral  part  only  of  the  chiasm  (Fig.  248,  ft),  the  fibres 
from  the  temporal  half  oi  the  retina,  are  involved,  and  a  unilateral 
nasal  hemianopsia  is  caused,  that  is,  a  blindness  in  the  inner  portion 
of  the  visual  field  of  one  eye.  If  the  lesion  involves  the  anterior 
or  posterior  part  only  of  the  chiasm  (Fig.  183,  T  or  ff),  the  fibres 


The  relation  in  tlie  optic  nerres,  optic  chiasm,  and  optic  tracts  uf  the  fibres  from  the  nasal  half 
(fn),  temporal  half  (/f),  and  central  spot  (fm)  of  the  retina.  NIL  Optic  nerve.  BII.  Optic  tract. 
xll.  Optic  decussation.  The  left  figure  shows  the  fibres  which  cross ;  the  right  figure  shows  those 
which  do  not  cross.    P.  Pupillary  fibres.    (Dejerine ) 

which  come  from  the  nasal  halves  of  the  retinae  are  involved,  and 
a  bilateral  temporal  hemianopsia  is  caused,  that  is,  a  blindness  in 
the  outer  portion  of  the  visual  field  of  both  eyes.  This  is  termed 
heteronymous  hemianopsia.  If  the  lesion  involves  the  optic  tract 
after  the  decussation  a  blindness  in  one-half  of  both  eyes  is  caused, 
and  the  patient  is  deprived  of  seeing  anything  to  one  side  of  the 
middle  line.    This  is  termed  homonymous  hemianopsia. 

In  none  of  these  forms  of  hemianopsia  is  central  vision  impaired. 
It  is  only  affected  in  lesions  of  the  nerye  itself.  The  acuteness  of 
vision  is  best  tested  by  Snellen's  test  types,  type  No.  xx  as  seen  at 
twenty  feet  being  taken  as  indicating  normal  vision  yj. 

The  extent  of  the  visual  field  is  to  be  determined  for  each  eye 
separately.  This  is  to  be  done  by  having  the  patient  fix  each  eye 
in  turn  on  that  of  the  examiner,  the  other  eye  being  covered,  and 
then  notice  whether  he  can  see  the  hand  of  the  examiner  or  a  small 
white  object  held  by  him  as  it  is  passed  outward  from  the  centre 
of  vision  on  all  sides.  The  retina  is  less  sansitive  in  its  peripheral 
parts,  and  the  less  the  illumination  of  the  test  object  the  less  dis- 
tinctly is  it  seen.  The  luminosity  of  blue,  red  and  green  are  less 
than  white  in  the  order  named ;  hence  the  visual  field  is  greatest  for 
white,  next  for  blue,  next  for  red,  and  least  for  green. 

Contraction  of  the  visual  field  for  white  or  colors  as  well  as  defect 
in  the  visual  field  is  an  important  symptom. 
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The  optie  nerve  eoiitaiiis  some  fibres  wliich  pa.ss  to  the  motor"' 
nieehanism  eonlrolling  the  action  of  the  iris.  (Fig.  24S.  P.)  Hence 
impressions  of  light  cause  ii  niirrowing  of  the  pupil.  If  one  optic 
nerve  only  is  destroyed  the  pupil  reflex  is  lost  in  that  eye  whei; 
it  is  exposed  to  light.  But  as  this  reflex  is  bilateral,  liglit  in  the 
unaffected  eye  will  cause  a  contraction  of  the  pii[a!  in  the  bliml 
eye.  The  fibres  which  sul>serve  tliis  pupil  reflex  decussate  at  the 
chiasm.  Hence  if  one  optic  tract  be  injured,  its  function  sus- 
peuiled,  we  have  not  only  a  bilateral  hemituKJpsia,  but  aL^o  an 
interference  with  the  pupil  reflex.  This  is  difficult  to  determine, 
for^  as  already  stated,  the  reflex  is  a  l>ihiteral  one,  and  light  throwTi 
on  tlie  unaffected  parts  of  one  of  th*^  retinae  is  capable  of  caus- 
ing a  prom|>t  narrowing  tif  Ijotli  [mi»i!s.  If,  however,  the  patient 
he  examined  in  a  dark  room,  the  eyes  be  only  faintly  illuniinat4?d,  so 
that  the  pupils  are  fairly  dilated,  and  then  a  ray  of  light  be  thrown 
by  a  mirror  from  one  side  carefully  upon  the  blind  side  only  of  the 
retina »  no  fm|»il  reflex  will  ensue.  This  indicates  infa!libly  a  lesion  of 
the  optic  tract,  or  basal  ganglia,  ns  it  does  not  occur  iri  eases  where 
tlie  hemianopsia  is  due  to  lesion  elsewhere  in  the  visual  tract,  as, 
for  exami)le,  in  the  occiiatal  lol*e.  It  i.s  termed  \A'ernicke's  te^st  for 
a  hemiopic  pupillary  reflex. 

In  lesions  of  the  optic  tract  the  hemianopsia  affects  color  sense  nBl 
weW  as  white  and  object  vision.  It  is  only  in  affections  of  the  visual f 
centres  in  the  cortex  of  the  cerebral  hemisphere  that  hennano|>siilj 
for  color,  with  preservatifjn  of  sight  for  white  and  f»l»]ects,  has  beenj 
observed.     This  is  called  hemichromatopsia.     (See  page  449.) 


Diseases  of  the  Optic  Nerve, 

Hypereemia  and  anasmia  of  the  optic  nerve  accompany  correspond- 
ing cfjndiiions  wf  tlie  bniin,  but  unless  very  extreme,  are  not  easily 
recognized,  even  l>y  experts,  as  the  normal  tint  of  the  retina  and  the 
normal  calibre  of  the  bloodvessels  iliffer  in  different  individuals 
within  xvY}'  wide  limits,  like  the  color  of  the  hair  and  of  the  skin, 

GfAvers  states  that  a  state  of  hypera-njui  may  be  ailniitted  when 
the  fhsk  is  dull  red  or  brick  color  and  when  the  edge  of  the  disk  can- 
not be  distinguished  from  the  rest  of  the  retina.  Such  a  condition 
is  usually  associated  with  a  hyi>ersensitiveness  to  light  and  pain  on 
using  the  eyes.  The  causes  of  hypeni  niia  are  overaction  or  strain  of 
the  eyes  due  to  refractive  errors^  or  the  use  of  the  eyes  in  intense  glare 
and  heat,  or  inflammation  of  the  conjmictiva,  iris,  or  choroitl,  or  some 
toxaemia,  or  some  form  of  cerebral  or  spinal  disease.  The  condition 
has  been  observed  in  many  different  types  of  insanity,  l)Ut  no  form 
of  insanity  is  particularly  characterized  by  this  symptom.  It  is  a 
matter  of  dispute  whether  the  chronic  forms  of  spinal  disease  which 
lead  to  af  ro[)!iy  produce  a  preliminary  hyperi^mia  or  anjemia.  T  have 
never  observed  any  iniheation  of  either  condition  in  cases  which  I 
have  observ^ed. 
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The  ptillur  of  aiiientia  h  almost  as  great  as  that  of  atrophy,  and  in 
the  early  stage  of  atro|>liy  they  cannot  be  distinguished.  The  eauses 
of  anaBmia  of  the  thsk  are  tho^^c*  of  general  anaemia-  A  sudden  ame- 
mia  due  to  enihollsrn  of  the  eentnil  artery  of  the  retina  always  causes 
sudden  blin(hies.s  in  one  eye,  and  the  contra.st  between  the  apj>earaoce 
of  the  two  eyes  serves  to  establish  the  existence  of  unihiteral  ana-niia. 
The  arteries  in  one  retina  are  seen  to  be  small  and  eni(jty.  A  moder- 
ate degree  of  ananiiia  ma\^  he  eausetl  by  disease  of  the  IjIoolI vessels 
and  may  lead  to  temijorary  blindness.  This  was  the  ease  in  a  woman 
sixty  years  old,  who  had  aortic  obstruction  and  extensive  general 
endarteritis  not  s|>i:»cifie  hi  origin.  She  had  sufTennl  from  unilateral 
headaches  for  some  years.  On  November  1st  she  took  a  coal-tar 
remedy  for  headache^  which  probably  depressed  the  heart,  and  within 
a  few  hours  she  noticed  a  great  dinmess  of  vision  in  the  right  eye. 
This  iiiereasiHl  rt^pidly:  in  two  days  she  was  nearly  blind,  and  on 
December  1st  the  right  eye  was  totally  brm<l.  Three  days  later 
vision  began  to  return  in  this  eye,  and  l>y  January  1st  wa^  fairly  good. 
But  during  the  latter  part  of  November  the  left  eye  l>egan  to  fail^  and 
by  the  middle  of  December,  while  tlu^  right  eye  wa.s  recovering,  the 
left  eye  was  totally  lilind.  In  February  the  left  eye  also  i(n|)roved, 
and  she  fimilly  recovered  vision  in  both  eyes.  During  all  tliis  time 
tlic  disks  were  pale,  the  arteries  snuiU  but  not  obhterat(*il,  and  the 
veins  were  distended.  She  could  see  better  when  lying  Hat  on  her 
back  than  when  standing.  The  absence  of  visil)le  neuritis,  the 
marked  arterial  aiuemia.  and  th<^  existence  of  general  endarteritis 
with  aortic  obstruction,  and  the  recovery,  prove  the  symptoms  to 
have  been  due  to  circulatory  conditions.  The  treatment,  which  con- 
sisted of  full  doses  of  icxli<le  of  potassium,  90  grains  daily,  w  ith  strych- 
nine and  iligitalis,  was  attended  not  only  by  relief  of  the  Ijlindness, 
but  also  of  the  headaches,  which  were  proba!>iy  due  to  the  same  cause. 

Thrombosis  of  the  retinal  artery  may  cause  local  amemia  of  the 
retina,  and  may  l>e  followed  by  ledema  and  hemorrhagic  effusion,  a 
condition  exactly  like  that  which  occurs  in  tlie  brain.  This  wa^s  the 
condition  found  in  the  following  case:  A  boy,  aged  thirtei*n  years, 
had  had  a  continued  fever  for  six  w-eeks  with  tem|)erature  between 
99°  and  102°  F.,  suppased  to  be  enteric,  but  prot*ably  malarial,  as 
the  bloofl  examination  showed  the  presence  of  two  generations  of 
tertian  malarial  jjarasites.  He  then  developed  dinmess  of  vision  in 
the  left  eye  and  then  in  the  right.  His  optic  disks  were  swollen 
three  diopters,  with  flame-like  appearance  about  the  disk.  In  the 
left  eye  a  wedge-shai>ed  area  extf^iided  up  and  in  from  the  nasal  side 
of  the  disk,  and  was  colorless;  the  retinal  artery  (m  this  side  w  as  small ; 
the  veins  were  normal,  numerous  (hits  about  the  macula  indicating 
plastic  exudation*  This  condition  slowly  improvecL  Later  a  marked 
picture  of  thrombosis  of  the  retinal  veins  devebped  in  the  right  eye, 
with  a  narrowing  of  the  arteries  and  much  plastic  exudation  about 
the  disk,  and  a  few  retinal  hemorrhages.  This  too  gradually  subsided, 
and  after  four  months  the  optic  nerves  t>rej^ented  a  fairly  n(»rmal 
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apppiiraiioe  and  his  vision  had  returned.  The  origin  was  presumably 
iiiahirial  infection,  as  nephritis  was  not  prestmt,  and  there  w*ere  never 
any  signs  of  cereliral  disease. 

I  have  seen  tlironi!>osi8  of  retina!  arteries  associated  with  symptoms 
of  general  cerebral  arterial  disease  which  subsequently  ciiused  death. 
It  is  to  be  regarded,  therefore,  a.s  a  condition  of  prognostic  importance  ^ 
ns  indicating  a  widespread  arterial  disea.se.     Tlie  treatment  must] 
always  he  directed  to  a  removal  of  the  cause. 

(Edeina  of  the  Optic  Nerve*    *'  Choked  Disk/'    The  optic  nerve ' 
at  its  exit  from  the  eyeball  receives  a  double  sheath,  one  layer  of 
which  is  eontituious  with  the  dura  mater  and  the  other  with  the  pia 

PlO.  249. 


V 


.s 


tiwoUen  diiJc  in  &  caae  of  cbionio  meBingttia.    (Uebrelch,) 

mater.  When  fluid  accumulates  under  pressure  within  the  cranimu 
it  therefore  finds  it*i  way  into  the  space  I>etween  these  sheaths,  dU- 
tending  the  dural  sheath  and  compressing  the  nerve  at  its  exit 
from  the  eyebalL  Such  compression  is  felt  earlier  by  the  lymphatics 
and  veins  than  by  the  harder  ner\T  fibres,  antl  the  consequent  result 
is  a  dropsical  effusion  into  the  intraocular  portion  of  the  ner\^e  from 
transudation  of  fluid  from  the  obstructed  vessels.  This  causes  a 
swelling  of  the  optic  tlisk  visiljle  to  the  ophthalmoscopt*  and  causing 
an  appearance  shown  in  Fig,  249,  Such  a  swelling  may  exist  for 
some  time  without  any  impairment  of  vision,  hence  the  importance 
of  oplithalmoscopic  examinations  in  cases  without  ocular  symptoms. 


* 


* 


Thr  experiments  of  Mf*rz^  Ijiive  (JeiiioiLStratrd  that  this  swellitig  of 
the  nerve  nuiy  come  and  go  rapidly  ainl  may  vary  greatly  in  degree, 
aceording  to  the  varying  umuunt  of  intracranial  |jressure.  The 
rrciema  is  always  attended  by  venous  congestitjii,  but  no  intiainniatory 
changes  may  occur,  and  it  is  therefore  erroneous  to  identify  elioked 
disk  with  optic  neuritis.  It  is  not  infrefjuently  aecornj^anied  by 
hemorrliages  in  the  retina.  Choked  disk  will  occur  under  any  con- 
dition which  obstructs  the  circulation  in  tlie  eye  or  inereiuses  the 
intracranial  pressure.  It  is  very  common  in  tumors  and  abscesses  of 
tlie  brain,  oeciisionally  occurs  temjjorarily  after  large  hemorrhiiges, 
and  not  infret[uently  accompanies  Bright 's  disease  or  those  atTections 
in  which  genera!  teiiema  is  a  sym[>toni. 

The  only  positive  means  of  diagnosis  is  by  ophthalmoscopic  exami- 
nation. In  many  cases  when  the  choked  tlisk  has  lasted  for  some 
time  vision  is  imi>aired  and  the  visual  held  is  diminished  in  extent. 
In  a  few  cases  it  [produces  no  symptori^s.  In  some  cases  it  causes  a 
rapidly  advancing  bliridneas.  Hut  in  any  ease  this  lilindness  may 
pass  away  as  the  crdema  of  the  ner\^e  subsides,  provided  a  true 
neuritis  or  atrophy  iloes  not  ensue.  Choked  disk  is  usually  Ijihiteral, 
but  may  commence  in  r»ne  eye  some  time  I)ef(jre  it  ajjjiears  in  tlie 
other.  In  some  cas*'s  it  goes  on  to  neuritis  and  to  atrophy.  Castas 
have  been  recorded  of  choked  disk  wutliout  other  symptoms  and 
without  apparent  cause.  In  tw^o  such  cases,  reported  by  Brudenel 
(Virter/  unsuspecte*!  tumor  i^f  the  brain  and  latent  abscess  of  the 
sfilienopalaiine  ff)ss*H  were  evi^ntually  provefi  to  be  the  caase. 

Optic  Neuritis,  Etioloo.  Optic  ru*uritis  occurs  ocea.sionally  with- 
out apparent  caus(\  and  must  be  regarded  as  an  idiopathic  affec- 
tion. It  has  been  known  to  be  hereditarVt  and  lievelops  about  the 
age  of  twenty  and  g^^es  on  to  blindness.  In  the  majority  of  ciises, 
liowever,  it  is  secontlary  to  other  conditiotis.  It  may  be  due  to 
general  poisons  in  the  bloody  such  a.^  produce  multiple  neuritis, 
namely,  alcohol,  lead,  arsenic,  mercury,  and  tobacco.  It  is  the  patho- 
logical state  which  is  present  in  so-called  toxic  amijiyojjia  and  in  tlie 
affection  described  by  ophthalmologists  as  retrol)ull>ar  neuritis;  where 
the  fibres  pfi&sing  from  the  nuu^ula  lutea  are  ('specially  involved. 
It  may  occur  as  a  secjuel  of  any  of  the  infectious  diseases,  especially 
malaria.  It  also  occurs  occa>stonally  as  a  symptom  of  severe  chronic 
aniemia,  of  pernicious  anaemia,  leucocythiemia,  and  tliabetes.  It 
may  be  sy|ihilitic  in  origin.  It  is  a  freijuent  symptom  of  nefihritis. 
It  is  Siipposeii  to  be  causcil  by  rheumatism,  by  gout,  or  by  taking 
colcL  Optic  neuritis  may  be  secondary  to  a  meningitis,  in  which 
case  the  inflammation  extends  directly  along  the  sheath  of  tlie  nerve, 
It^  most  common  cause,  however,  is  from  pressure  within  the  skull 
exerteil  either  ilirectly  by  tumor  or  abscess  of  the  brain,  or  syphilitic 
exudations  upon  the  bttse  of  the  brain,  or  by  the  pressure  of  fluid  in 
the  ventricles.     .Much  cHscussion  has  been  devoted  to  the  cause  of 

*   Merj.     Ari'h.  of  OpIitlialmoUfjo'.  ''^ilVt  19t»K 

'  Clifford  AUbutt'a  System  of  Medicine,  vul   vi,  p.  842. 
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Optic  nouritLs  in  intracranial  disease,  and  no  definite  conclusion  can 
yet  be  reached  as  to  the  actual  causation  of  this  affection.  It  niay 
be  due  to  the  increajse  of  pressure  within  llie  head,  pnxlucing  axletu^j 
of  the  nerve  trunk  and  a  secoiHlary  neuritis,  us  Parinuud  affirnu5,| 
It  may  be  due  to  a  three t  infeetion  of  the  nrvvv  fiy  prothiets  of  iJm^a 
within  the  brain,  as  Leber  anil  Deutschniann  liave  long  niaintaine<]*^ 
In  all  these  easc»s  optic  neuritis  is  usually  bilateral,  though  in  tumors 
of  the  IjHiin,  upon  the  base,  with  direct  pressure  uiion  the  nerve,  it  is 
pos.sil)lc  for  the  nerve  on  the  side  of  the  tumor  to  Ix^  affected  much 
sooner  than  the  other. 

Symptoms,     The  symptoms  of  o[)tie  neuritis  are  a  sudtleu  or  gra<i- 
ual  failure  of  sight,  objects  becoming  blurred,  as  if  a  fog  were  between 


PlO.  2iiO, 


Acote  opllc  iieurUlB,  Note  ilisk  much  swollen  ;  esiUnaled  nt  ^-T  D.  EAge  indUtlncc ; 
Oteeared  at  e<igc ;  l&rge  number  of  hemorrbigca  urouod  the  disk,  patchec  of  oMlema  tn  tb« 
Teins  veiy  tortuous.    (Pcwey.) 


the  eye  and  the  object.  Some  ]mtients  oom])Iain  of  sem^itivene^  la 
light  and  of  distress  in  using  the  eyes.  There  is  also  a  diminution 
of  the  visual  fi(*ld  and  a  lack  of  distinctness  of  color  vision,  blue  )mug  < 
last  first.  In  some  eases  irregular  blind  sjitits  di*velop  in  the  vLsualj 
field.  It  is  rare  for  total  blintlness  to  occur  as  the  result  of  optic 
neuritis  within  six  months  of  the  onset*  The  progm*^s  of  the  blinil* 
ncss  is  continuous  unless  the  cause  can  be  removed. 

Dia^osis.  A  iliagnosis  can  be  made  only  l>y  an  ophthalmosco|:>ic 
examination.  The  figures  on  Plate  XXIV.  show  the  appearance  of  a 
normal  retina  and  of  a  nerve  in  the  early  stage  of  optic  neuritis,  (See 
also  Fig.  250.)   It  will  he  noticed  that  the  changes  are  very  markeij  its 
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the  blooilvesj^ls  of  the  retina,  the  arteries  being  snuiller  and  the  veins 
being  distinctly  congested.  Their  point  of  exit  in  tlie  disk  is  uften 
obscured.  It  will  be  noticed  that  the  oiitline  of  the  disk  in  the  early 
stage  is  no  longer  clear  and  in  the  later  stage  is  conijilek'ly  obliter- 
ated. The  peculiar  striated  appearance  about  the  disk  is  quite  eii- 
deot  in  the  figures,  being  more  marked  in  ttie  lateT  stage  of  the 
disease,  and  this  striation  is  partly  yt41owi.sh  and  partly  red,  in  con- 
trast to  the  uniform  color  of  the  retina  in  health.  In  the  later  stage 
hemorrhages  in  the  retina  are  evident,  being  indicated  by  red  or 
yellowish-white  plaques.  Small  wlntish  or  yellow  s|x>ts  are  also  seen 
which  are  due  to  exudation  of  inHamrnatory  jjrodurts.  There  is  an 
actual  exudation  within  the  nerve  trunk,  so  that  the  optic  di.sk  is 
actually  swollen.  Its  height  can  be  estimated  by  tlte  ophtlialrao- 
scofM?  (1  diopter  equals  ^  ram.),  but  tlie  first  evi<lence  of  this  swell- 
ing is  the  disappearance  of  the  clear  central  space  known  ixs  the 
physiological  cup.  If  the  condition  subsides  there  is  a  gradual  reduc- 
tion of  this  swelling  and  little  by  little  a  return  to  the  normal  appear- 
ance of  the  disk.  "WTiile  the  diagnosis  of  the  existence  of  optic  neu- 
ritis is  easily  made  by  the  aid  of  the  ophthalmoscope,  it  is  by  no 
meatis  easy  to  determine  in  every  case  to  what  the  condition  is  due. 
If  to  the  symptoms  of  nein^itis  there  are  added  lH*adaclxe,  malaise, 
attacks  of  vertigo,  disorders  of  iligestion,  with  naust;a  and  vomiting, 
and  some  irregularities  of  circulation,  and  the  patient's  health, 
strength,  anil  nutrition  suffer  the  question  at  once  arises  whether 
these  are  the  s}Tiiptoms  of  tumor  of  the  lirain,  chronic  tubercuhir 
meningitis,  general  arterial  diseavSe,  nephritis,  or  merely  of  general 
aruemia.  I  have  seen  two  patients  sulTering  from  these  symptoms 
during  several  months  and  not  a  little  distressed  mentally  lest  they 
might  be  developing  a  fatal  affection.  Both  were  young  women 
suffering  froiii  aritemia  and  also  from  very  irregular  painful  menstrua- 
tion due  to  endometritis.  But  in  both  the  severity  of  the  nervous 
symptoms  had  awakened  the  fear  of  brain  tumor.  Both  eventually 
recovered  under  general  tonic  treatment  In  such  cases  the  diag- 
nosis can  be  reached  only  after  a  consitlerable  time,  the  lack  of 
development  of  local  l>rain  symptoms,  esfjecialiy  in  the  cranial  nerves, 
the  existence  of  normal  powers  of  sensation  and  motion,  and  of  nor- 
mal reflexes  being  negative  symptoms  of  great  value.  On  the  other 
hand,  the  apf>earance  of  localizing  t>rain  symptoms  may  confirm  the 
suspicion  that  the  neuritis  was  tiie  first  sign  of  .serious  intracerebral 
disease,  especially  of  tumor  or  abscess.  I  have  seen  this  condition 
as  an  early  symptom  of  serious  arterial  disease,  which  led  rapidly 
to  nuiltiple  cerebral  thrombosis  with  aphasia  and  hemiplegia  and 
death.  It  is  well  known  that  a  very  common  cause  of  optic  neuritis 
is  Bright 's  disease,  and  it  follows  that  an  examination  of  the  urine 
'  should  be  made  in  every  case.  It  is  never  to  be  forgotten  that  abase 
of  alcohol  and  tobacco  combined  may  be  the  cause  of  optic  neuritis 
and  may  idso  produce  other  nervous  symptoms,     I  have  seen  such 

tulition  in  voung  women  addicted  to  champagne  and  cigarettes, 
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as  well  as  in  many  young  oi(?n  of  nerv^ous  eonstitiition  who  were  victiuis 
of  the  same  habits.  It  is  evident,  therefore,  that  in  any  case  of  optic 
neuritis  great  caution  f^hould  he  exercised  in  giving  a  prognosis,  every 
etiological  factor  should  be  investigated,  and  the  course  of  the  c^se 
should  be  watched  with  extreme  care.  The  lesion  in  optic  neuritis 
is  similar  to  that  already  described  as  a  diffuse  neuritis  (page  42), 
there  l:>eirig  a  congestion  of  the  vessels,  an  effusion  of  senim  and 
blood  cells,  of  linicoeytes,  and  miclei  m  the  endoneurium,  as  well 
as  a  parenehyniiitous  degeneration  of  the  nerve  fibres. 

Prognosis.  The  prognosis  in  the  affection  will  depend  entirely  upon 
the  po.ssil)ility  of  removing  the  cause.  Even  when  the  optic  neuritis 
has  been  quite  extreme  recovery  is  still  po8sil>le.  Thus,  after  absorp- 
tion  or  removal  of  tumors  of  the  brain  1  have  frequently  seen  recover}* 
of  vision  when  t!ie  blindness  had  been  so  extreme  as  to  incapacitate 
the  patient  from  recognizing  even  the  largest  letters  upon  the  test 
card. 

Treatment.  The  treatment  for  the  affection  is  the  removal  of  the 
cause,  if  i)ossi!)ie,  and  complete  rest  of  the  eyes,  which  should  be 
shaded  fi'om  t!ie  light.  The  ophthalmologists  prescribe  strychnine 
by  hypodermic  injections  or  by  the  mouth  in  large  doses,  ^^  grain, 
increased  at  each  injection  until  in  ten  days  \  grain  is  given,  and  this 
drug  will  certainly  stimulate  the  nerve  to  activity,  even  when  in  a 
state  of  neuritis.  Whether  such  stimulation  is  desirable  may  be  open 
to  question,  and  certainly  this  treatment  has  no  effect  in  other  forms 
of  neuritis,  (vxcepting  a  temporary  effect  of  stimulation  of  the  func- 
tions of  the  nerve.  The  use  of  nuTcuria!  inunctions  and  of  full  doses 
of  iodide  of  potassium  is  reconmiended  both  io  syphilitic  and  noD- 
syphiHtic  cases.  The  local  depletion  by  wet  cups  or  leeches  to  the 
temple  is  often  beneficial  in  the  early  stage.  In  anfemic  cases  general 
tonics  are  of  benefit. 

Optic  Nerve  Atrophy.  Etiolog^y.  Optic  neuritis  in  many  cases 
goes  on  to  a  grailual  atroiihy  of  the  optic  nerve,  which  is  then  six>ken 
of  as  consecutive,  and  in  such  eases  the  atrophy  is  the  terminal  result. 
Increascnl  pressure  within  the  cranium  may  prmluce  atrophy  with«iiil 
any  primary  neuritis,  the  nerve  a]>|)earing  to  undergo  a  degeneraii*  ^ 
from  the  start,  there  being  no  initial  j>n>ce.ss  of  congestion,  such  iw 
occurs  in  neuritis.  A  secondar>^  atrophy  also  occurs  after  lesions  of 
the  nen^e  in  the  orbit  or  after  aff<*ctions  of  the  optic  chiasm  and  tract. 
Optic  atrophy  may,  however,  occur  lus  a  primary  affection  \\ntli-»'i^ 
any  preceding  intracranial  iiressure  or  dis4:^ase.  Some  cases  art*  *  m,- 
genital  or  develop  x^vy  soon  after  birth  in  infants  of  syphilitic  parent- 
age or  from  actual  congenital  defective  development  of  the  optic 
nerve.  In  these  cases  other  nervous  symptoms  usually  imlicate  an 
imperfect  development  of  the  nerv^ous  system,  such  as  imbecility  and 
idiocy,  or  spastic  paralysis.  These  cases  have  been  descrilxni  rao«st 
fully  by  Sachs.*    In  many  cases  primary  optic  atrophy  is  a  conditiofi 

*  Amaurotic  Fftmily  Idiocy,  Jounaul  of  Ncrvoua  and  Mental  Disease,  IfitftT,  p.  Ml»  and 
1908,  p.  1. 
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ted  with  other  tliseases^  though  it  can  hardly  be  called  secoiid- 
them.  ThLs  is  uotabty  the  case  in  locomotor  ataxia,  in  dis- 
simulated or  multiple  sclerosis,  and  in  paresis.  In  all  of  these  diseases 
the  oceurrenco  of  o|>dc  atrophy  is  an  exceedingly  serious  complica- 
tion and  probably  due  to  the  same  cause  which  produces  the  original 
affection.  It  may  be  the  first  lesion  produced  by  this  cause.  Thus 
in  locomotor  ataxia  10  \wr  cent,  of  the  cases  begin  with  optic  atrophy. 
And  in  multiple  sclerosis  52  jxt  cent*  of  the  patients  develop  this 
comphcation.  Optic  atrojjhy  may  occur  as  the  I'esult  of  poisoning 
by  tobacco,  alcohol,  lead,  and  quinine.  It  may  occur  as  the  result 
of  the  various  infectious  diseases  and  of  diabetes,  and  in  some  cases 
has  been  ascribed  to  cold. 

Symptoms.  The  s}'mj>tora;3  of  optic  atrophy  are  a  gradually  increas- 
uig  blindness,  a  diminution  of  the  visual  lieki,  progressively  increasing 
from  without  inward,  so  that  finally  only  central  vision  is  possible, 
and  ver\"  often  a  defective  color  vision,  the  fields  for  various  colors 
being  either  progressively  reduced  in  extent  or  altered  in  their  extent. 
In  some  cases  irregularly  situated  blind  spots,  sometimes  central,  de- 
velop—the  so-called  central  scotoma.  Pain  in  the  eyes  and  discom- 
fort after  their  use  or  after  exposure  to  strong  hght  are  often  felt. 

The  appearances  in  optic  atrophy  are  demonstrated  in  Plate 
XXV.,  where  both  gray  and  white  atroi)hy  are  shoum.  The  o]jh- 
thalnioscopic  appearances  in  optic  nerve  atrojihy  are  not  uniform. 
When  the  atrophy  is  secondary  to  the  optic  neuritis  there  are,  first, 
the  ordinary  changes  oliserved  iu  the  neuritis,  and  then,  as  the  swell- 
ing and  congestion  subside,  the  disk  once  more  becomes  evident,  has 
a  clearer  and  clearer  outline,  hut  an  unusually  white  ai>pearance^ 
until  finally  it  presents  a  perfectly  white  spot  in  the  retina.  The 
arteries  are  noticeably  diminished  in  calibre.  When  the  optic  atrophy 
is  primary  and  is  not  preceded  by  a  neuritis  there  is  a  gradual  pro- 
gressive change  in  the  apiK^^arance  of  the  normal  dLsk,  wliicli  becomes 
more  sharply  outlined,  loses  its  jnnk  tint,  and  becomes  more  and 
more  gray,  or  even  clear  white  in  color,  the  arteries  and  veins  pre- 
serving tlieir  normal  calibre.  After  a  time  the  lamina  cribrosa  at 
the  bottom  of  the  disk  may  become  evident,  the  ap()earance  pre- 
sented  resembling  a  fine  sieve.  The  lesinn  in  t>]>tic  atrojihy  is  a  pro- 
gressive parenchymatoas  neuiitis  without  any  interstitial  change. 

DiagnoBiB.  The  diagnosis  of  the  underlying  condition  in  a  ciLse  uf 
optic  atrophy  is  of  as  great  importance  as  in  a  case  of  optic  neuritis. 
Toxic  amblyopia  should  be  fii-st  excluded.  Symptoms  of  organic 
brain  or  sphial-cord  disease  should  Ix*  looked  for.  The  mental  char- 
acteristics of  the  patient  sIkiuKI  be  considered,  and  changes  indicative 
of  beginning  paresis  should  not  be  overlorikcd.  And  the  case  should 
be  watched  for  a  long  i>eriod  before  giving  a  diagnosis  of  primary 
optic  atrophy.  More  than  one-half  of  the  cases  eventually  develop 
some  form  of  spinal  sclerosis. 

PrognosU,  The  prognosis  in  optic  nerve  atrophy  is  much  more 
serious  than  in  optic  neuritis,  for  while  the  former  may  gt>  on  to 
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recovery,  the  latter  is  prtjgressive,  aud  treatment,  unless  dir€*eted  to 
tlie  cause,  is  not  succesphil. 

Treatment.  The  prcjgress  of  the  case  may  be  delayecl  by  the  use 
of  tonics,  hy  ever3^tliino:  whiefi  improves  the  genera!  healthy  and  by 
the  hypodermic  iL'^e  of  f^trychnine,  from  -^-^  up  to  J  grain  daily,  the 
dose  being:  increasefl  slowly,  or  of  the  tiiloride  of  gold,  or  nitrate  of 
silver,  or  of  nitroglyceriiL  Recently  li}^podermic  injections  of  nor- 
mal Sfilt  solution  beneath  the  conjunctiva  have  been  recommended. 
They  liave  not  bc*t*n  useful  in  my  eases. 


THl  THIED,  FOUETH,  AJTD  SIXTH  NERVES:  THE  MOTOR  NERVES 
OF  THE  EYEBALL.     OFHTHALMOPLEOLH. 

The  eyeball  and  eyelid  are  nitived  by  numerous  muscles  supplied 
by  these  three  nerves,  as  follows: 

The  third  nerve  supplies  the  ciliary  muscle,  sphincter  iridis,  levator 
palpebral,  superior  rectus,  internal  rectus,  inferior  rectus,  inferior 
obhque. 

The  fourth  nerve  su|>j)lies  the  superior  oblique. 

The  sixth  nerve  suppliers  tiie  external  rectas. 

The  brandies  of  the  cavernous  plexiLs  of  sympathetic  nerv^es  sup- 
}>lies  the  dilator  pupil  he.  These  nerves  aris(^  from  grouj>s  of  cells 
lying  upon  the  fluor  of  the  a<juefhict  of  i^ylvius  and  of  the  fourth 
ventricle  of  the  brain.    (Fig.  251.)    The  groups  are  closely  joined  to 
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Sagittal  section  thitm^h  \M%  cerebml  axis,  to  i«bow  ihe  naclei  of  the  ocotar  ncrrea  In  the  floor  # 
the  aqueduct  of  Sjrlvlua  and  the  fDunh  voiitrlde,  sad  the  ootirae  of  tbe  nerves  to  their  exit.  The 
various  groups  of  cdli  from  which  ihe  third  nerve  arises  are  teen.  RN  Red  nudetis  of  tefraen^ 
tuui.  L,  LemnlKCiia  isensory  tract).  €C^  Motor  tract  In  the  eras  oerebri  seen  to  timvctM  tiM 
pons  aiHl  entfr  the  anterior  pyramid  of  the  tn&dulla, 

each  other  by  association  fibres,  the  longest  of  which,  between  tlu* 
third  and  sixth  nerve  nuclei,  pa.^s  in  the  jiopterior  longiitidlBal 
bundle. 
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The  location  of  the  tmclei  of  the  oculomotor  nerves  and  the 
function  of  each  group  of  cells  has  l>een  the  subject  of  much  dis- 
cussion, and  unanimity  of  view  has  nut  yet  been  reached,  tliuugh 
the  subject  Xvd^  been  apjjroached  from  the  side  of  comparative 
anatomy  (Spitzka,  Edinger),  embryolog}'  (von  Gudden,  Edinger), 
physiological  experimentation  (Hensen  and  A^olehei's,  B<*rnheiin), 
antl  patholog}*  (Westphal,  Kahler,  Pick,  and  Starr),  as  well  as 
from  the  histological  standpoint  (KolUker,  PerUa,  Bruce). 
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Scbeme  of  tbe  Duclei  o(  the  oculomoLor  nerre.    (After  Perlla^  Aicb.  t  Ophtb.,  Leipzig, 
Bd.  ixv..  Ablb.  Iv.pS.  297.) 


The  thirLl  nerve  nucleus  consists  of  a  long  column  of  cells  which 
begin  in  the  gray  matter  of  the  wall  of  the  third  ventricle  near  the 
]>osterior  commissure  on  the  median  sui'face  of  the  optic  thalamus, 
and  extends  for  almost  a  centimetre  in  length  unfter  the  Hour  of 
the  aqueduct  of  Sylvius  downward  to  the  level  of  the  corpora  quad- 
rigemina  posterior.  Jiist  posterior  to  this  column  lies  the  group  of 
cells  giving  origin  to  the  fouHh  nerve,  and  about  3  em.  I*elow  in  the 
pons  is  the  sixth  nerve  nucleus.     The  colunm  of  cells  making  up  the 


646 


THE  CRANIAL  NERVES  ASD  THEIR  DISEASES. 


third  nerve  nucleiis  can  be  ili\dded  into  a  number  of  groups.  These 
groupsj  their  connections,  and  their  si^ecial  functions  are  shown  in 
Figs.  251  nnd  252.  That  each  group  controls  a  single  nauscle  is 
proven  by  the  fact  that  sniall  lesions  limited  to  different  parts  of  the 
column  of  cells  and  tiffecting  certain  groups  or  their  nen^e  roots  only 
profluce  ditTenuit  forms  of  paralysis  of  the  eyeball.  A  study  of  the 
combination  of  paralyses  observed  in  various  cases  enabled  tJie  i^Titer 
(in  188SM  to  offer  the  following  scheme  of  the  order  in  which  the 
muscles  are  represented  in  these  groups: 


EroHT  Bide. 


'  Ciliary  muscle. 


Medi&n  line. 


fipblnoter  irldli. 
Levator  palpebrs. 
Rectus  superior, 
OblinuuB  inferior. 
Ubllquus  superior, 


Hentii*  Inferior. 
.  Rectus  extern ut. 

Subsequent  observations  have  lent  support  to  this  localization. 

Third  Nerve  Paralysis. 

The  third  nerve,  after  arising  from  its  gi^oups  of  cells  upon  the  floor 
of  tlic  aqueduct  of  Sylvius,  sends  its  varioas  roots  tlirough  the  teg- 
raentuni  of  tlie  crus  ccrel>ri,  wliich  traverse  on  tiieir  way  the  red 
nucleus  of  the  tegmentum  and  make  their  exit  in  a  large  bundle  on 
the  inner  side  of  tlie  cms  in  close  apposition  to  the  third  ner\^e  of  the 
opposite  side.  Lesions  of  the  groups  of  cells  of  origin  of  the  third 
nervx^  may  produce  a  partial  paralysis  of  the  ocular  muscles.  So,  too, 
may  lesions  of  the  roots  of  the  third  nerve  in  their  pti^age  through 
the  crus.  But  lesions  of  the  nerve  after  its  exit  cause  paralysis  of 
all  the  muscles  which  it  supplies.  The  third  nerve  passes  from  its 
superficial  origin  in  the  crus  forward  to  the  sphenoidal  fissure,  and 
thus  into  the  orbit,  where  it  divides  up  in  the  various  small  branches 
going  to  the  muscles  already  named  and  to  the  ciliary  ganglion. 

Etiology.  Lesions  upon  the  base  of  the  brain  l>ing  near  the  crus 
or  between  it  and  tlie  exit  of  the  nerve  into  the  orbit  are  particularly 
liable  to  pro(hice  paralysis  of  the  third  nerve.  Meningitis,  either 
simple  or  tubercular,  ^ibscess  of  the  brain,  and  hemorrhages  on  the 
base  often  involve  the  nerve.  In  meningitis  in  infants  it  is  oft^n 
the  nerve  first  affected.  Syphilitic  exudations  upon  the  ba^se  of  the 
brain  and  a  syjAilitic  neuritis  vaih  infiltration  of  the  sheath  of  the 
nerve  are  the  most  coimnon  enures  of  third  nerve  palsy.  Tumors  of 
the  brain  lying  in  this  locality  or  Ijing  in  such  {>osition  as  to  displace 
the  brain  jixis,  and  thus  cause  traction  upon  the  nerve,  may  also  i>ro- 
duce  third  nen-e  paralysis.  In  lioth  tliese  conditions  other  symp- 
toms of  the  disea.^e  accom]>aiiy  the  ocular  palsy  and  give  a  clue  to 
the  di^ngnosis.  Tlie  oculomotor  nerve  is  rarely  injiu-ed  within  the 
orbits  inasmuch  as  it  is  well  protected,  but  occasionally  in  fractures 
of  the  base  the  ner\^e  mil  be  torn,  and  severe  falls  and  blo\^^  up*>n 


'  Joun  of  Xerv.  and  Meni.  Dis.,  vol.  scv.  p,  301, 
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the  liead  have  been  known  to  cause  the  bruisiiig  of  the  nerve  against 
a  sharp  edge  of  the  f^phenoidal  fissure.  Thus  in  a  patient  under  my 
own  observation  a  fall  from  a  carriage  upon  the  side  of  th(*  head 
produced  a  sudden  imralysis  of  the  third  nerve  which  remained  about 
six  months  and  then  gradually  recovered.  Tumors  ^ithm  the  orbit 
and  anything  producing  extreme  exnphthahiius  may  by  i:>re8i?ure  or 
streteliing  involve  one  or  more  branches  of  the  oculomotor  nerve » and 
thus  cause  a  partial  |>aralysis.  Thus  in  a  patient  with  exophthalmic 
goitre  and  very  extreme  exophthahiuis  I  have  seen  an  inability  to 
turn  the  eye  inward  and  upward  which  subsided  when  the  exoph- 
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A  «ectloin  throng b  tbe  crus  cerebri,  thowing  the  origin^  ootme,  and  «xit  of  the  oculo* 
motor  nervea,    (Edlnger.) 


thalmus  disappeared.  Oculomotor  palsy  may  occui*  a^  a  complica- 
tion of  diphtheria  and  f>f  typhoid  fever,  and,  in  fact,  it  has  been 
recorded  in  many  different  forms  of  multiple  tieuritis;  under  these 
circumstances  it  is  usually  bilateral  Genmiri  authorities  affirm  that 
a  temporary  oculomotor  paLsy  may  be  prorluced  by  poisoning  with 
sausage j  fish^  or  meat  tliat  is  diseased.  Lastly ^  it  is  sui^posed  that 
the  effect  of  coUl  may  produce  a  sudden  (oculomotor  palsy  of  tem- 
|>orary  duration,  Init  tliis  is  certainly  very  rare. 

Symptoms.  The  symptoms  of  third  ner\'e  ] paralysis  are  ptosis  or 
falling  of  the  upper  eyelid,  dilatation  of  the  pupil,  and  loss  of  reflex 
action  both  to  light  and  to  acconmiodation  and  a  turning  outward  and 
slightly  downward  of  the  eyeball  owing  to  the  uuoppt*sed  contraction 
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of  the  external  rectas  aiul  superior  oblique  muscles.  The  strabismus 
is  attended  by  double  vision  and  often  by  vertigo  and  uncertainty 
of  ^ait.  There  is  an  inabihty  to  turn  the  eyeball  upwai*d,  dowTiward, 
or  inward,  owing  to  the  panilysis  of  the  superior,  inferior,  and  internal 
recti  muscles.  The  paraly^^is  of  the  inferitir  ol>li(|ue  muscle  is  aku 
present,  but  does  not  produce  a  \^isible  deflection  of  the  eye  when  the 
superior  oblique  is  capable  of  acting.  Ptosis  is  complete,  so  that  the 
patient  is  unable  to  open  the  eye  suHiciently  to  see,  although  he 
usually  makes  eiTorts  in  this  direction  liy  elevating  the  eyebrow  to 
the  utmost  limit;  hence  in  such  {latients  wiinkhngof  the  forehead  is 
more  pronounced  on  the  side  of  the  paralysis.    Fig.  254  shows  this 

condition.     In  cases   where 
^0.  2M.  the  causf^  can  be  removed  by 

treatment  the  prognosis  is 
good,  and  even  in  cases  of 
injur}'  and  disease  of  the 
nerve  froni  cold,  recoven% 
as  a  rule,  ensues.  The  ner\T 
is  inaccessible  to  any  form 
of  electrical  treatment, there- 
f(^re  it  is  impossible  to  treat 
the  paralysis. 

Th«  PupU  and  Its  Henrous 
Mechanism,  Tlie  action  of 
the  pufiil  to  light  and  to  ac- 
enmmodation  is  a  reflex  act 
in  which  the  optic,  oculomo- 
t^>F,  and  sympathetic  nerves 
take  part. 

The  contraction  of  the 
pu]3il  to  light  is  produced  by 
im|)ulses  passing  from  the 
reti!ia  to  tlie  corpora  quadri- 
gemina  anterior;  thence  to 
the  anterior  group  of  celk 
in  the  thini  nerve  nucleus,  thence  in  the  third  nerve  to  the  ciliary 
ganglion,  from  which  the  shf>rt  cihary  nerve?^  go  to  the  iris,  which 
contracts  by  closure  of  its  sphincter. 

Any  lesion  which  breaks  this  reflex  arc  will  arrest  the  contraction 
of  the  j)upil  to  light.  The  dilatation  of  the  pupil  in  darkness  or  in 
distant  vision  is  |»roduced  by  impulses  passing  to  the  dilator  pupiiiffi 
through  the  sympathetic  nerves  from  the  cilio-spinal  centre  in  the 
eighth  cer\^eal  and  first  dorsal  segments  of  the  spinal  cord.  Thcae 
spinal  centres  are  connected  with  the  corpora  quadrigemina  by  nervp 
fibres  which  pass  in  the  tegmentum  of  the  pons  and  medulla  and  in 
the  antercjdritertd  cohun ns  of  the  upjier  cord.  The  sympathetic 
nerve  fibres  leave  the  spinal  cord  in  the  first  dorsal  nerve  root,  pas& 
to  the  superior  cervical  ganglion,  thence  in  the  carotid  or  cavernoij;^ 


PtOflis  and  esternjil  vtrmblsoiiu  due  to  paraLybii  of  the 
right  third  nerve.    (leou,  de  la  Sftlp^^lrit^re.) 
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plexus  to  the  Gai^seriari  ganglion  of  the  fifth  rierve.iHal  tlienee  hy  way 
of  the  first  l>ri*nf'h  of  the  fiftli  iitTvo  athl  the  long  eiharv  nerves  to 
the  iris.  The  eiho-wpinal  eentre  in  the  spinal  cord  receives  imputes 
from  many  directions,  any  one  of  whicli  is  capable  of  prodoeing  a 
clilatatiori  of  tlie  pu])il.  Thus  irritating  impulses  coming  in  througli 
the  lower  cervical  and  uj^per  dorsal  posterior  s|>inal  nerve  roots  from 
the  skin  of  the  neck,  or  if  of  sufficient  intensity  from  any  region 
of  the  body,  can  cause  such  a  dilatation.  It  is  poBsible  that  the 
total  absence  of  such  impvilses  w4ien  the  posterior  nerve  roots  in  the 
cervical  cord  are  injured  causes  the  permanent  contraction  of  the 
pupil,  called  spinal  myosis.  Impulses  also  reach  the  cilio-spinal  centre 
from  the  cortex  of  the  brain  and  from  many  subcortical  centres  in 
the  basal  ganglia  and  medulla.  Attention  directed  to  a  distant 
object,  with  voluntary  fixation  of  the  eyes,  or  emotional  changes,  fear 
or  anger,  or  any  irritation  of  the  medulla  which  excites  the  respira- 
tory and  vasomotor  centres  may  cause  dilatation  of  the  pupil  It 
is  the  last-named  cause  which  produces  a  contracted  pupil  in  menin- 
gitis and  cerebral  disease.  A  general  lowering  of  the  nervous  condi- 
tion such  as  aecompanies  neurasthenia,  hysteria,  epilepsy,  and  anae- 
mia is  usually  attended  by  a  dilatation  of  the  pupil.  The  exact  path 
from  the  optic  centres  to  the  spinal  centre  is  m  yet  undiscovereiL 
A  permanent  loss  of  jiower  of  dilatation  of  the  pupil  in  darkness  is 
known  to  occur  only  when  the  cilit^-spinal  centre  in  the  cord  or  the 
sympathetic  nerve  in  the  neck  or  its  branches  to  the  dilat<>r  jnipilhe 
are  destroyed  by  disease.  Tliis  occurs  in  tabes,  in  paresis,  in  multiple 
sclerosis,  and  in  bulbar  palsy,  and  in  myelitis  of  this  locality.  The 
hemiopic  pupillary  reflex  of  Wernicke  has  been  described  on  page  560. 
When  a  patient  jiresents  anomalies  in  the  action  of  the  jnipils  the 
possibility  of  his  being  under  the  influence  of  some  drug  which  affects 
their  action  must  be  considered  before  a  conclusion  is  reached  that 
a  local  or  general  disease  of  the  nervous  system  is  present. 

Argyll-Robertaon  Pupil.  This  is  a  condition  of  loss  of  reflex  of 
the  jaipil  to  light,  while  its  action  in  accommodation  is  preserved. 
(See  pages  298  and  653.) 


Paralysis  of  the  Fourtli  Herva.    Fatheticus  Paralysis. 

Paralysis  of  the  fourth  nerve  is  extremely  rare  and  is  only  to  be 
detected  by  a  careful  examination  for  double  images  with  a  red  glass 
over  one  eye.  The  upright  image  is  then  seen  to  be  upright  liy  the 
normal  eye,  but  appears  to  be  displaced  outward  and  turned  obliquely 
by  the  afTeeted  eye.  The  fourth  nerve  sui>j>lies  tlie  superior  oblique 
muscle  and  is  of  all  the  nerves  the  one  best  i)rotected  within  the 
brain.  It  arises  from  a  small  group  of  cells  beneath  the  aiiueduct 
of  Syhdus,  and  decussates  mth  its  fellow^  in  the  roof  of  the  aijueduct 
just  beneath  the  corpora  (|yadrigemina  posterior,  and  makes  its  exit 
immediately  after  its  decussation  on  the  dorsal  siirface  of  the  crus 
lying  upon  the  superior  peduficle  of  the  cerebellimi.    (Fig,  251.)     It 
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then  curves  around  the  onis  lying  upon  the  upper  border  of  the  ponst 
Varotii,  tuul  so  |nisses  forward  upon  the  side  of  the  optic  tract  and 
enters  the  cn-hit  through  the  sphenoidal  Kssure.  Any  of  the  causeS| 
wl)ich  prtuhiee  i>uralysis  of  the  third  nerve  may  cause  paralysLs  of  i 
the  fourth.  Isolated  paralysis  of  the  fourth  ner\^e  mthout  affection 
of  the  third  or  sixth  is  an  important  symptom  of  tumor  of  the  cere- 
bellimi  or  of  exudation  on  the  under  surface  of  the  anterior  h»he  of 
the  cerebellum.  In  a  patient  seen  in  Meynert  s  clinic  at  Viemia, 
who  presented  many  symptoms  of  cerebellar  disease^  the  exij^tence 
of  un  isolated  fourth  nerve  paralysis  made  it  proliable  that  the  cere* 
bellar  lesion  lay  in  the  anterior  and  ventral  part  of  the  cerebellurn, 
a  diagnosis  which  w^as  conhrmed  by  aut.o{}sy. 


Fio.  25&, 


Paralysis  of  the  Sixth  Nerve.    Abducens  Paralysis. 

The  syini»!oin  produced  by  jiaralysis  of  the  sixth  ner\*e  Is  internall 
strabismus.  This  nerve  sui>pliesthe  external  rectus,  and  when  it  is  j 
paralyzed  the  interna!  rectus,  being  unoi>posed,  turns  the  eye  inward, 
producing  strabiseuLs  and  an  inaliility  to  turn  the  eye  outward. 
Double  \ision  always  accompanies  the  strabismus,  and  the  pupil  is 
usually  somewhat  contracted  on  account  tif  the  pcK^iition  of  the  eye* 
ball^  but^  (jf  course,  reacts  to  light.  The  sixth  tierve  arises  from  a 
group  of  cells  upon  the  floor  of  the  fourth  ventriek%  pa^sses  ventrally 

through  the  [>ons  \''arolii,  mak- 

ing  its  exit  hi  the  groove  be- 

^^Hh^^  tween  the  poiLs  and   medulla, 

f  ^^k  and  then  passes    forward   be- 

^^^^^^^H  neath   the   pons  to  enter   Uie 

Pl^r^lK  I  orliit    through    the   sphenoicbl 

m,      .j^        a  fissure.     As  it  has  tlie  longest 

"    ^l^k      ^  eoui'se  of  any  cranial  nerve,  dis- 

^      '^  ease  at  any  pari  of  the  base  of 

the  brain  is  liable  to  invoh-e  it, 
hence  abducens  paral>'sis  is  a 
frequent  symptom  of  intra- 
cranial  disease,  sueh  as  basilar 
meningitis,  s\^)Iiilis  of  the  base, 
timiors  of  the  brain,  and  frae- 
tures  of  the  base  of  the  skull. 
The  stuue  causes  which  pro<lucp 
oculomotor  paxaK'sis  may  caus? 
abducens  paralv^is,  and  it  is 
equally  inaccessible  to  any  treat- 
ment. The  sixth  nerve  nucfeus 
and  the  root  of  the  nerve  are  often  involved  in  ilLsease  of  the  poos 
Varolii.     (See  page  475.) 

The  rliagiiosis  between  an  affection  of  the  abducens,  due  to  disease 
in  the  nerve  trunk  or  (hie  to  ilisease  in  the  brain,  can  only  be  made 


#  # 


Pam1]r«Ls  or  the  lea  tixth.  leveaUi,  und  eighth 
nervei  from  a  frAoture  ftt  the  base  of  the  akuU. 
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from  the  presence  of  other  syiiiptoms.  Paralysis  of  tlie  face  on  the 
same  side  as  the  oeiilar  imlsy,  and  of  the  arm  and  legs  upon  tlie  oppo- 
site side,  indicates  a  lesion  in  the  pons  or  on  the  1ja>se,  producing  uni- 
lateral pressure  on  the  pons.  In  the  patient  whose  face  is  shown  in 
Fig.  255  the  paralysis  of  the  sixth  nerv^e  was  associated  wilii  i)aralysis 
of  the  sevetitli  and  eiglith  nerves  on  the  same  side.  This  [jatient  had 
suffered  from  a  fracture  vi  the  Inise  uf  the  skull,  Init  liad  recoveretl 
from  all  the  symptoms  excepting  those  present  in  these  tliree  nerves. 

The  Conjugate  Motions  of  tie  Eyes.  In  all  acts  of  vision  the  eyes 
move  together,  either  Ijehig  converged  to  a  near  object,  diverged  in 
looking  at  a  distance,  or  turned  togetlier  in  any  direction. 

In  convergence  the  internal  recti  act  together  and  there  is  a  con- 
traction of  the  i)upil. 

In  divergence  the  external  recti  act  together  and  there  is  a  dila- 
tation of  the  pupil. 

In  conjugate  lateral  motions  opposite  muscles  in  the  tw\^  eyes  act 
together.  In  motions  upward  and  downward  homogeneous  muscles 
act  together.  All  these  movements  are  primarily  reflex  and  auto- 
matic»  the  sensations  of  objects  upon  the  retina  causing  the  appro- 
priate action.  For  such  acts  the  interaction  of  the  various  nuclei  of 
the  ojitic  and  motor  nerves  of  the  eyeballs  is  all  that  is  necessarj\ 
And  the  very  coniplete  system  of  association  fil^res  joining  these 
various  nuclei  to  one  another  provides  for  such  combinations  of 
movement.  Lesions  which  tiestroy  these  association  fibres,  espe- 
cially lesions  in  the  pf>sterior  longitudinal  bundle,  interfere  with  con- 
jugate lateral  motions.  Lesions  in  the  nuclei  themselves  necessarily 
suspend  consensual  motions  in  any  direction,  both  reflex  and  volun- 
tar}^     The  connections  of  these  nuclei  are  shown  in  Fig.  251, 

Conjugate  movements  may  also  be  voluntary  in  origin,  Tlie  motor 
centres  in  the  cerebral  cortex  for  ocular  movements  are  located  in 
the  anterior  pait  of  the  motor  zone.  (See  j>age  422. )  They  send  their 
impulses  down  to  the  subcortical  centres  by  a  tract  which  passes 
through  the  knee  of  the  internal  capsule,  occupies  a  position  near 
the  median  line  in  tlie  foot  of  the  crus  cerebri  and  decussates  in  the 
raphe  liefore  it  ends  in  the  oculomotor  nuclei.  The  tract  convening 
impulses  of  conjugate  lateral  motion  passes  directly  to  the  sixth 
nerve  nuclei,  and  thence  an  impulse  is  sent  back  to  the  opposite  third 
nerve  by  way  of  the  posterior  longitudinal  bundle.  Fig.  256  shows 
this  tract  and  demonstrates  the  fact  that  lesions  at  different  parts  of 
it  cause  paralysis  of  lateral  conjugate  motion  of  the  two  eyes. 

Irritation  of  the  motor  centres  in  the  cortex  causes  involuntary 
turning  of  the  eyes  aw^ay  from  the  sitle  of  the  lesion.  This  happens  in 
epilepsy  when  the  focus  of  irritation  which  starts  the  fit  is  unilateral. 
Paralysis  of  the  motor  centres  in  the  cortex,  or  destruction  of  the 
tract  which  conveys  their  impulses  will  eventually  result  in  conjugate 
(le\'iation  of  the  eyes  toward  the  side  of  the  lesion,  for  the  eyes  being 
once  turned  in  that  direction  remain  fixed,  there  being  no  possibility 
of  a  voluntary  correction  of  this  position.     Hence  in  severe  attacks 
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of  apoplexy  wlien  this  tract  is  Llostroyed  the  patient  is  said  to  look 
toward  his  lesion. 

The  cha^nosis  of  the  situation  of  a  lesion  producing  forced  conju- 
gate deviation  of  the  eyes  can  only  be  raaile  fruni  the  exlsteQce  of 
other  symptoms  of  cerebral  or  pons  disease.  These  sjonptoms  have 
been  more  fiilly  discussed  in  Chapter  XXIV. 

Eheiimatic  Ocular  Palsy,    A  paralysis  affecting  one  or  more  of  the 
ocular  muscles  must  not  be  too  hastily  inscribed  to  a  lesion  of  thi" 
nerve.    These  muscles  are  subject  to  rheumatic  affections  like  othc 

Fio.  256. 
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DfMmm  loUluitrKte  tbe  mecbAQism  of  conjugate  movemcaca  of  Uie  ej-Gs.    P.  P^mt  VuoUL 
11  L  Oculomotor  uticlei.     VI.  Abdiicenii  nuclei.    Ri.  R«clus  Interniu.    Re.  Rectux  exlcr^OA. 
timet  from  the  cortex  pftssea  to  17.    A  tract  coDoectBeaeh  VI  ^Uh  tbe  oppoelte  UL     V.  C<CfiClt<l 
ooxiferieot  movetueut  of  both  eyes— a  part  of  ///.    A,  Lesion  iti  the  left  half  of  the  br»lu,  ^ 
%  Ion  of  Toluotary  Cuming  of  both  oyot  to  ibe  right.    B.  Leilon  In  the  left  hjiif  of  the  poof,  < 
iQg  a  lo0of  voluntary  turning  of  both  ejm  to  tbe  left    C.  Lesion  iQ  the  left  posterior  lougttudlBill 
bundle,  eaoiitig a  lo«  of  voluntary  eoDjugnte  moUoa  of  the  eyes  to  tbe  right.    D.  Latfao  In  tM 
left  17  tiuclem,  atusloga  low  of  volantnry  (timing  of  tbe  eyee  to  the  left. 


muscles,  and  occasionally  a  8upi)08e(l  ophthahnoplegia  turns  out  to 
be  a  rheumatic  myositis, and  sulj^ides  |>romptly.  The  external  rectus 
is  the  muscle  most  frequently  affected. 

Recurrent  Ociiloinotor  Palsy,  A  rare  condition  consisting  of  com- 
bined ]>aralysii^  of  several  of  the  mu^scles  of  temporary  duration,  but 
conunonly  recurring  several  titnes  in  the  course  of  a  short  attack  h^ 
been  tlescril^etl  and  named  recurrent  oculomotor  palsy.  The  oculo- 
motor nerve  is  the  one  usually  affected,  l)ut  the  fourth  an* I  sixth  may 
also  be  involved.  The  attacks  of  double  \ision  are  attended  by  head- 
ache, nausea,  vomiting,  and  by  a  fever,  and  occasionally  by  conjunc- 
tivitis. They  have  been  termed  ophthahnic  migi-aine  by  rf -—  * 
In  one  case  seen  by  me  the  cause  was  prr»bably  malarial  ii 
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and  the  attacks  ceased  iiiider  fjiiiniiie.  Darrjuier*  and  Kiiapp-  \va\q 
collecteil  and  aiuilyzed  about  forty  eases.  Autopsies  are  wanting:  to 
establish  the  lesion,  which  is  probably  a  vascular  one.  confcesticul  or 
uidenia^  either  in  the  luielei  or  in  the  nerve  tnuiks. 

Opiitliatinoplegia. 

Disease  in  the  nuclei  €>f  the  nerves  that  supply  the  muscles  of  the 
eyeballs  and  jniralyze  theni  is  termed  ophtliahnoplegia.  It  has 
been  divided  into  oi>hthalnioplegia  interna  and  externa,  according 
to  the  muscles  affected.  In  oplithalmo|>le^ia  interna  the  action  of 
the  pui>il  is  affected.  In  ophthalniuplegia  externa  the  motion  of  the 
eye! mils  and  of  the  levator  jjalpebne  are  impaired. 

Ophthalmoplegia  Intema.  (Jiihtlialmoplegia  interna  Ls  a  very 
rare  conditiiH).  It  may  lie  unilatcTal  or  bilateral  It  may  be  acute 
or  chronic  in  its  onset.  There  are  no  eases  with  autopsy  on  record 
and  the  condition  as  a  syrn|itom  is  a  curiosity, 

LcKss  of  reflex  to  hght  wliilc  reHex  action  in  accommodation  is 
preserved,  called  the  Argyll-Iiobertson  pupil,  or  reflex  iridojilegia, 
occurs  as  a  symptom  in  tabes,  in  paresis,  in  disseminated  sclerosis, 
in  softening  or  atrojjhy  of  the  brain,  in  sjqihilis  of  the  brain^  in  hydro- 
cephalus, in  tumors  of  the  third  ventricle  or  adjacent  basal  gangUa, 
and  as  a  congenital  condition.  It  is  supposed  to  point  to  a  siLsjx^iusion 
of  action  in  the  association  neurones  between  the  optic  terminals  and 
the  oculomotor  eiliarj^  nuclei.  Tliese  axones  pass  through  the  gray 
wall  of  the  aqueduct  of  Sylvius,  and  in  all  these  diseases  excejit  tabci 
microscopic  lesions  in  this  regicjti  liave  l.»een  observed.  There  is  as 
yet  no  satisfactory  explanation  for  the  t)ccurrence  of  this  symptom 
in  tabes.  The  condition  is  usually  eventually  bilateral,  but  maybe 
unilateral  at  first.  Ia>ss  of  action  of  the  pupil  in  accommodation  is 
known  to  (jccur  without  loss  of  action  to  hght .  This  is  a  rare  condition, 
is  usually  uniiateral  and  due  to  a  lesion  in  the  cervical  sympathetic. 

Ophthahnoplegia  Externa*  Tliis  term  is  apjilied  to  any  form  of 
paralysis  of  the  muscles  moving  the  eyeball,  not  due  to  a  lesion  in 
the  perii>hery  of  one  nerve  alone.  It  is  iL^ually  liilateral  It  is 
usually  partial,  a  few  only  of  the  ocular  muscles  being  involved. 
It  may,  however,  become  total,  under  which  circumstances  tlie  eye- 
balls are  motionless.  Inasmuch  as  the  muscles  affected  are  numerous, 
almost  ever>"  possible  combination  of  paralysis  of  tlifferent  nmscles 
has  been  observed.  It  is  not^  therefore,  oecessary  to  specify  the 
different  position  of  the  eyeballs  possible  and  the  chfferent  forms  of 
double  vision  possible  in  oj)htha!moplegia. 

Etiology.  The  symptoms  may  be  produced  either  by  lesions  in- 
volving the  roots  of  the  oculomotor  nerves  in  their  passage  through 
the  cerebral  axis,  or  liy  lesions  limited  to  their  nuclei.  Lesions  involv- 
ing  the  roots  are  very  common.    They  are  due,  as  a  rule,  to  hemor- 


*  Annalfs  d'ocullHtiqiie,  Oct.,  189^^  tome  ex.  p.  268. 

*  Boston  Med.  and  Surg.  Jour,,  Stpt.,  1804. 
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rhage  from,  or  thrombosi:^  or  embolism  in  the  small  arteries,  and 
especially  in  their  terminal  branches  ^vithin  the  cms  cerebri.  These 
arteries  enter  through  the  posterior  perforated  sjiace^and  are  terminal 
arteries.  Tumors,  spots  of  sclerosis,  or  syphilitic  exudations  in  tiiis 
region  cause  the  same  effect.  The  majority  of  cases  on  record  of 
ophthahiioplegia  externa  wliich  have  been  examined  patholo^cally 
have  been  produced  in  this  manner.  Sucli  lesions  necessarily  cause  a 
destruction  of  other  nerve  tracts  passing  tlirough  the  cerebral  axis  in 
addition  to  the  oculomotor  roots.  It  is  from  the  presence  of  symp- 
toms of  such  destruction  that  the  pathological  diagnosis  is  to  be 


Fig.  257, 
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Normal  oeulomottjr  nucleus-  1.  Vcalral  nu- 
cleus. 2.  M (Ml Inn  Q Helena.  Z.  Lateral  nucleus. 
4.  Poirteilor  Icin^tudinul  bumlle  5,  6,  Nerve 
rooti.    7.  Riipb<:\ 


Atropby  of  oculomotor  aucleo^.  I.  Vwitml 
nucleus,  la.  Dom!  nucleoA.  2.  $,  BdlQf^ 
Wejitphml  uucleu*.    {SlemerllDf.) 


reached.  Thus  hemiana»st  hesia ,  hemiataxia,  or  hemii)Iegia  of  various 
types  have  been  observed  in  association  with  partial  ophthalmoplegia. 
And  such  an  alTection  of  the  sensory  and  motor  tracts  in  the  cerebral 
axis  may  be  bilateral,  causing  verj^  external ve  and  complex  gi*oups  of 
symptoms  of  which  the  oculomotor  palsies  may  be  the  least  notice- 
ab!e»  though  they  may  be  the  most  important  as  a  guide  to  the 
locahzation  of  the  lesion,    (Sec  Figs.  17S  to  181.) 

Lesions  involving  the  nuclei  of  the  oculomotor  nerves  may  be 
either  acute  or  chronic,  and  resemble  in  character  the  lesions  of 
anterior  |}oliomyehtis. 
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Pathology.      Acute  oi)hthalmoplf*^ia    externa   may  occiir  from 

hemnrrhao:p  in  thn  nuclei,  from  thrombosis  or  etulwili.sui  iu  terminal 
vessels  su|iplying  the  nuclei,  or  from  inflammatory  processes,  prob- 
ably infectious  in  origin,  in  the  nuclei.  It  may  also  be  the  result  of 
poisonin*^  by  bad  fooiL  Wernicke  has  named  tliis  condition  polio- 
encephalitis acuta.  (See  i>age  544.)  The  lesion  found  is  a  congestion 
of  the  vessels^  exudation  from  them  of  small  cells  and  leucocytes  and 
serum^  swelling;  and  degeneration  of  all  passible  degrees  in  tlie  motor 
cells,  with  destruetion  of  their  dendrites  and  axones,  and  cxuisequent 
degeneration  in  the  nerve  rofjts  and  nt^rves.  This  lesion  may  te 
limited  to  the  oculomotor  nuclei, or  it  may  be  extensive*  in  the  cerebral 
axis,  affecting  other  cranial  uerv^es^  in  %vhich  case  the  opiithalmo- 
plegia  is  only  a  part  of  an  acute  bulbar  |>aralysis.  A  chronic 
atropliy  of  the  nuclei  has  also  been  described  and  is  shown  in  Fig. 
25S,  These  lesions  resemble  in  every  particular  the  lesions  of 
anterior  poliomyelit is. 

Symptoms.    The  onset  of  acute  ophthalmopkgm  is  usual  1\^  sudden, 
with  severe  cerebral  symptoms,  vertigo,  vomiting,  lieadaehe,  and 
even  delirium  and  coma.     The 
patient  is  always  somnolent  for  fw.  25». 

some  days,  and  occasionally  de- 
velops an  optic  neuritis  a.s  well 
as  the  ocular  palsy.  In  a  few 
cases  other  symptoms  of  bul- 
bar paralysis  have  developed, 
and  a  fatal  result  followed.  In 
many  the  general  symptoms 
subside  in  the  course  of  two 
weeks,  and  the  only  jjermanent 
symptoms  are  tlie  irregular  oc- 
ular  paralyses.  The  affection 
may  be  arrested  in  its  progress, 
lait  nsually  leaves  a  chronic 
condition  of  paralysis.  I  have 
seen  a  case  in  which,  after  six 
months  of  steady  improvement, 
complete  recovery,  lasting  for 
fifteen  years^  ejisued. 

Chronic   ophthfilmopleqia   ex- 
(erna  may  be  trie  terminal  result   stmbiamui  can  b© neen. 
of  an  acute  attack,  or  it  may  be 

a  primary  condition.  In  a  nnmberof  Ciises  it  has  been  a  congenital 
condition.  If  primary  it  begins  gradually  and  makes  slow  but 
steady  progress,  one  muscle  after  another  being  affected.  It  may 
vary  in  intensity,  some  muscles  recovering  as  others  are  invoh^e*]. 
Fig.  259  shows  the  ap])earance  j^resentctl  by  a  ])atient  suffering 
from  this  disease.  In  this  case  the  disease  has  remained  station- 
ary  for  six  years.      It  may  even  go  on  to  recovery,  tlic  nmscles 


Patient  fuffferlng  from  chronic  ophtlmIm<»ple«iii 
eslema.  The  wiinkUng^  of  Die  forehead  in  the 
eflbrt  Lo  open  the  ey&  Ls  noticeable.   The  external 
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gradually  regaining  their  power.  Such  recovery  occurs  in  the 
minority  of  the  tenses.  In  the  cases  which  recover  it  is  probable 
that  the  degeneration  is  only  slight  in  degree,  sufficient  to  arrest 
the  function  of  the  cells  for  a  time.  In  this  conclitioii  also  a  genenil 
chronic  bulbar  paralysis  may  eventually  develop.  It  is  not  uncom- 
mon to  find  some  defecti%'e  action  of  the  orbicularis  palpebrarum 
and  frontalis  muscle?^  supplied  by  the  facial  nervT,  associated  with 
ptosis:  or  some  affection  of  the  muscles  of  mastication.  It  is  rare  for 
bulbar  palsy  to  advance  to  the  oculomotor  nerA'es,  though  it  is  not 
rare  for  it  to  develop  subsecjuently  to  their  paralysis.  TTiis  is  prob- 
ably because  a  fatal  result  is  reached  early  in  bulbar  palsy.  Ae  a 
curious  confirmation  of  the  i^tatement  that  chronic  ophthalmoi>legia 
is  <]uite  hc^mologous  to  chronic  anterior  poliomyelitis,  the  easie  of 
Kalicher  may  be  cited  in  which,  in  the  course  of  six  months,  the  par- 
alysis extended  from  the  eyes  to  the  face,  and  then  to  the  anus  and 
to  the  legs  until  total  paralysis  was  present.  The  lesion  in  this  r:ise 
was  chiefly  vascular^  the  vessel  walls  being  thickened,  showing  fatly 
ilegeneration  and  unusual  dilatations,  and  hemorrhagic  extravasation 
being  found  everywhere  in  the  gray  matter.  Chronic  ophthalmo- 
plegia may  be  the  first  symptom  of  timior  in  the  corpora  quadri- 
grmina  m  of  multiple  sclerosis. 

Prognosis*     The  |)rognosls  in  partial  oiihthalmoplegia  externa  is 
]iot  iLs  unfavorable  as  might  be  supj>osetl.     Over  one-half  of  the 
patients  recover.     This  seems  to  show  that  in  the  majority  of  e^ 
the  lesion  is  a  vascular  one  and  does  not  cause  a  degeneration  of 
nuclei.     In  the  total  chronic  cases  the  prognosis  is  bad. 

Treatment.  The  treatment  of  acute  o])hthalmoplegia  is  by  the 
use  of  ice  to  the  back  of  the  neck,  aconite,  and  phenacetin,  and  the 
administration  of  hot  l>aths  daily  to  produce  free  sweating.  At  the 
sarjie  time  Ijrisk  laxatives  and  diuretics  are  to  be  used,  and  if  the 
patient  is  jilethoric  lcf?ches  to  the  temijles  or  iTchind  the  eans  are  to 
i>e  applied.  The  eyes  should  be  kept  in  perfect  rest.  In  chrome 
eases  it  is  best  to  correct  diseases  of  the  bloodvessels  by  the  use  of 
heart  stimulants,  nitroglycerin,  and  iodide  of  potiissiuxn,  and  later  ^J 
to  stimulate  tlie  nerves  by  the  use  of  strychnine.  In  cases  wl»ere^J 
sj'pliilis  has  been  a  possible  cause  a  mercurial  treatment,  followed  by 
the  free  use  of  iodide,  is  to  be  prescribed. 


THE  FIFTH  NERVE:  TBIOEMINAI.  KERVE. 

Anatomy,  The  trigeminal  nerve  is  made  up  of  two  parts ^  a  motor 
and  a  sensory  portion,  the  latter  bemg  nmch  larger  than  the  former. 
The  motor  part  arises  from  a  group  of  cells  lying  in  the  upjxT  part 
of  the  i»ons  \'arolii  in  the  lateral  portion  of  the  formatio  reticularis. 
(Fig.  260 J  It  passes  outward  through  the  formatio  reticularis,  joim 
the  sensory  root,  lies  uiuler  the  Gtisserian  ganglion,  and  leaves  the 
skull  with  the  inferior  maxillary  branch.    It  passes  to  the  muscles 
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ormastication,  viz.,  the  masseters,  temporals,  zygomatic,  digastric, 
and  myelohyoid  muscles,  which  close  the  mouth  and  move  the  lower 


Fig.  260. 
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Scheme  of  tho  neurones  making  up  the  fifth  or  trigeminal  nerve.    (Edinger.) 
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ja\\\      It   also  sends   a  li lament    to   the   teiLsor   tympani  muscle. 
The  sensory  part  of  the  nerv^e  ilevelojjs  from  the  nem^nes  in  th^ 
Gasserian  ganglion.     This  large  ganglion  lies  upon  the  nerve  at  the 
side  of  the  pons  (Fig.  245)  upon  the  biise  of  the  skull.     It  hit?  an 
"  extensive  distribution  upon  the  face  and  in  the  head,  as  shown  in 
Plate  XXin.,and  all  sensations  from  these  parts  eome  in  through 
the  nerve.     The  various  areas  of  the  skin  of  the  face  connected  with 
the  three  great  divisions  are  sliown  in  Plate  V.    Its  tenninal  central 
axones  enter  the  pons  from  the  ganglion  and  tenninato  in  a  long 
column  of  gray  matter  which  is  identical  in  its  structure  with  the 
substantia  gelatinosa  of  the  spinal  cord,  and  lies  in  the  lateral  part 
nf  the  formatio  reticularis,  frum  the  upper  part  of  the  pons  to  the 
lowest  part  of  the  medulla,  where  it  is  continuous  with  the  posterior 
horn  of  the  spinal  cord.     As  these  axones  enter  the  pons  a  few  bifur- 
cate, but  the  majority  turn  downward,  and  some  pass  all  the  way 
tlown  to  the  lowest  level  of  the  Uiednlla,  lying  at  the  side  of  the 
cnlunm  uf  gray  matter  just  mentinnc^d.    Hence  in  cross-sections  of  the 
pons  and  medulla  this  root  of  the  Hfth  nerve  is  cut  across  and  apjjeare 
as  a  semiKmar-shaped  white  tract,     (Fig,  181.)     It  should  be  called 
tlie  tiescending  root,  as  sensory  impulses  coming  in  pass  down  through 
it  to  reach  the  gray  matter.     But  as  tliis  cranial  nerve  was  formerly 
descrilfed  as  arising  in  the  medulla  and  i)yns,  like  the  motor  nerves, 
it  was  originally  named  the  ascending  root  of  the  fifth.    The  axones 
end  in  bushes  within  the  substantia  geIatino*?a,  ami  tlience  new  sen- 
Fory  filaments  arise  which  pass  upward  to  the  cortex.    These  apj^ear 
to  decussate  in  the  upper  ]>art  of  the  pons,  as  unilateral  lesions  of  the 
l>ons  below  the  entrance  of  the  fiftli  nerve  protkiee  ana^thesia  of  the 
face  on  the  side  of  the  lesion  only.    They  then  join  the  general  sen- 
sory tract  in  the  lemniscus  and  formatio  reticularis  and  pass  to  the 
cortex  in  the  lower  thiid  of  the  sensory  motor  area.    (See  page  446,) 
There  is  a  long  semilnnar-shaf)ed  gi'oup  of  cells  which  lieg  on  the 
luteral  border  of  the  gray  matter  lining  the  aquetluct  of  Syhius,  in 
the  substance  of  the  tegmentum,  and  extenils  for  four  millimetn^ 
l>eneath  the  corpora  ciuadrigemina  jxjsterior.     These  cells  resemble 
the  cells  of  the  colunm  of  Clarke  in  the  spinal  cord  and  are  large  and 
Hask-shaped-     They  send  axones  downward  in  a  long  descending 
nerve  root  which  is  semilunar  in  cross-section  and  which  enters  the 
fifth  nerve  root  opposite  its  exit  at  the  level  of  the  motor  nucleus  of 
the  nerve.     Some  authorities^  ascribe  motor  functions  to  this  group 
of  cells  and  root,  tliough  they  were  found  to  be  normal  in  a  ca^ 
where  i>iu'alysis  of  the  muscles  of  mastication  was  present  ami  where 
I  he  motor  nucleus  of  the  nerv'c  was  degenerated.     Other  autliorities 
ascribe  tro])hic  functions  to  this  grouji  of  cells  and  root,  and  aflirni 
that  they  are  diseasetl  iti  c;ises  of  hemiatrophy  of  the  face.     Tlii? 
statement  is  niatle  by  MeuileP  on  the  basis  of  one  fnsf^  only.    Others 
still  regartl  them  as  a  part  of  the  sensor}^  root, 

1  W.  A.  Tuni<»r.     Altbutt's  S>*9t<Mii  of  Medicine,  vol.  vl  p.  7S7. 
3  NeuroL  Cent nUbl lit t,  voL  vii.  p.  14. 
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The  sense  of  taste  is  a  part  nf  the  function  rtf  the  fifth  nerve,  Uw 
complete  di\nsion  of  tliis  nerve  behind  the  Ga^sserian  gangUon  sus- 
pends this  sense.     The  nerv^es  tlirough  which  this  sense  is  conveyed 
lire  two:   1.  Tlie  anterior  two-thirds  of  the  tongue  sends  sensatioDfi 
of  taste  through  tlie  lingual  nerves  and  chorfla  t^anpani,  which  passes 
into  the  Fallopian  canal  in  association  with  the  facial  nerve,  but 
leaves  it  at  the  geniculate  ganglion,  thence  )}iisses  by  tlie  Vidian  or 
great  superficial  petrosal  nerve  to  MeckePs  ganglion  (sphenopalatine), 
.and  thence  to  tlie  superior  niaxillar>'  nerve,  and  thus  into  tlie  second 
f  trunk  of  the  trigeniinah    2,  The  poi^terior  third  of  the  tongue  sends 
sensations  of  taste  through  the  peripheral  branches  of  the  glosso- 
pharyngeal nerve,  thence  through  the  small  superficial  j>etrosal  nerve 
lor  ner^^e  of  Jacobson  to  the  otic  ganglion,  and  thence  by  the  inferior 
maxillary  nerve  into  the  tliirtJ  trunk  of  the  trigeminal.  (See  Fig.  261,) 

Fin,  2«1. 
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fiiclal  fjenri*  ivnd  its  connecUona^  wltbiu  the  aqueduct  of  FaUopiaB.  L  Ftflb  nerve,  witli 
the  ciaeserlAxi  gungllou,  i  OphtbAlmlc  dlvislini  of  the  flflli  iitirve  S.  Superior  mftxaiary  divlidon 
of  the  flAh  oerve.  4.  LIngiml  nerve,  5.  Sphonopalatiae  granglion,  6.  Otic  g&ngUon.  1.  3al)> 
maxilUry  gnoglion.  8.  Facful  nerve  In  the  in|uectuct  of  Fanopius,  9.  cjreat  superfielftl  F«troBal 
nerve-  10.  Smmll  superficUil  («tro«i1  nerve.  U.  BtapedHts  bmiicb  of  fecial  uerve.  12,  Branch  of 
com  muni  cat  loo  with  piienmogfyitrSc  nerve.  13.  Branch  of  oommuntcation  with  gkmophAryiiigetl 
jier>'e.    H.  Chorda  tympani.    (Dalton.^ 

The  protected  situation  of  all  these  nerves  accounts  for  the  rarity 
of  loss  of  the  sense  of  taste.  I  have  seen  it  once,  however,  in  a  case 
of  severe  chronic  trigeminal  neuralgia  and  anresthesia  probably  due 
tf)  destructive  lesion  of  the  root  of  the  nerve.  I  have  also  observed 
a  total  loss  of  taste  on  one  side  of  the  tongue  and  pharynx  after 
division  of  the  roots  of  the  nerve  and  after  excision  of  the  Gasserian 
ganglion  tlone  for  the  relief  of  neuralgia  in  several  patients. 


r 


Paralysis  of  the  Fiftli  or  Trigemmal  Nerve. 

\  lesion  of  the  motor  portion  of  the  trigeminal  nerve  causes  par- 
alysis of  the  muscles  of  chewing.  The  lower  jaw  falls  open  in  such 
cases,  and  hence  both  speech  and  swallowing  are  interfered  with. 
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The  patient  u.<iially  supports  the  jaw  \nth  the  hand,  and  thus  assists 
tioth  acts.  It  i^  to  be  renienibered,  however,  tliat  these  muscles  act 
8}Toiiietrically  on  both  sides  and  together,  and  hence  the  destruction 
of  one  motor  Ijrancli  of  the  nerve  does  not  cause  very  great  disability. 
A  Httle  branch  from  the  motor  portion  passes  to  the  tensor  tympani 
through  the  otic  gano;Iion,  and  lience,  when  the  nerve  is  paralyzed^ 
the  ear  drum  cannot  be  stret died, and  consequently  deafness  ai^K/ar^. 
This  may  be  aceompaniofl  by  tinnitus  aurium.  When  the  iniisck'S 
are  paralyzed  a  gjailual  atrophy  may  occur  which  leads  to  a  sinking 
of  the  tenqile  and  a  thinness  of  the  faee^  over  the  muscles  which  are 
paralyzeil,  and  at  the  same  time  reaction  of  degeneration  may  ap|»«-ar 
in  these  nuiscles.  Miiller  and  Schultze  Inith  descrilje  a  sUght  dilB- 
culty  in  swallowing  due  to  a  paralysis  of  the  muscles  about  the  hard 
palate  as  having  occurred  in  two  cases.  In  both  these  cases  there 
was  a  slight  dexiation  of  the  uvula  toward  the  paralyzed  side.  Tliese 
symptoms  were  referretl  to  a  paralysis  of  the  spheno-staf)ediu9 
muscle,  which  receives  a  branch  from  the  motor  portion  of  the 
trigeminal  nerve. 

These  sym]  itoms  of  paralysis  of  the  fifth  nerve  are  of  some  hiterest, 
as  the  nerve  is  occasionally  divided  l>y  surgeijns  in  the  ojx*ratiou  for 
trigeminal  neuralgia,  and  it  is  chiefly  in  such  cases  that  the  syniptoniB 
hitherto  described  have  appeared.  It  is  needless  to  add  that  in  such 
cases  the  motor  Ijrancli  of  the  trigeminal  nerve  should  be  ciirefully 
avoided  l>y  the  surgeon,  so  that  the  paralytic  symptoms  may  be 
prevented. 

Trismus  or  tonic  sp^isin  of  tlie  muscles  of  mastication  is  usually  an 
affection  assf»ciat<'tl  with  general  convulsions  or  is  a  symptom  of  tlw" 
infection  of  tetanus  or  lockjaw.  It  is  not  to  be  regarded  as  a  local 
disease  of  the  iiiotor  branch  of  the  fifth  nerve.  ( )ccasionally  a  sfiasia 
of  these  muscles  ujion  one  side  of  the  body  occurs  in  connection  with 
facial  spasm,  and  maybe  regarded  as  a  local  affection  qiiit^  similar 
in  its  origin  to  l>lepharospasni  and  facial  tic.  Untler  these  circum- 
stances it  is  usually  a  reflex  manifestation  of  some  sensory  distiirlh 
ance  about  tlie  jaw  or  throat,  and  until  the  origin  of  such  reflex 
irritation  is  ascertained  and  removed  treatment  will  not  \ye  succe^wfuLT 

Tonic  spasm  of  the  masseters  has  been  known  to  occur  after  long- 
continued  stretching  of  the  muscles,  as  in  a  casi*  rejjorted  by  PeteR*oa, 
where  it  developeil  after  a  long  dental  operation.  It  has  fx^en  knot**n 
to  occur  after  a  condition  of  paralysis  in  the  miLscles,  as  in  ^cwse 
reported  by  McConnell,  Occasionally  a  fixation  of  the  jaw  and 
inability  to  open  the  mouth  occur  as  a  symptom  in  hysteria. 

Clonic  spasms  of  the  muscles  of  mastication  occm.  causin' 
tering  of  the  teeth,  as  in  a  malarial  chill  or  in  an  extreme  *■> 
of  fear^  or  a  grating  of  the  teeth  if  the  spasm  is  more  slow  and  lorcii>ip. 
It  occurs  occasionally  in  paralysis  agitans  and  in  old  age.  Even  in 
health  every  one  has  bitten  the  tongue  or  bitten  the  cheek  uninten- 
tionally by  an  unexpected  movement  of  the  jaw,  Tlie  dise3.se  b  <»f 
no  moment  excepting  in  children,  when  grinding  of  the  teeth  at  iiijzhi 
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often  causes  nujcb  aiUKjyanro  to  the  parents  and  sometimes  disturbs 
tlie  child's  slec]h  Tliis  may  be  thie  to  any  disease  which  prodnces 
an  irritation  of  tlie  nervous  system,  such  Jis  irritation  of  the  intestine 
by  worms,  irritation  of  the  genitals  by  smegma^  irritation  of  the 
throat  by  adenoids,  or  irritation  of  the  ear  by  w^ax.  Occasionally 
(grinding  of  the  teeth  is  an  early  sign  of  irritation  ui)on  the  lia^e  of 
the  brain  by  a  l)egimung  basilar  or  tulKTcular  meningitis, and  in  many 
caaes  of  this  diseajse  the  symptom  ai>|)ears  at  some  time  in  the  prog- 
rese  of  the  ease.  It  has  been  known  to  occur  :^s  a  symptom  of  tumor 
of  the  base  of  the  brain.  The  spasm  is  uniformly  bilateral.  In  the 
vast  majority  of  children's  cases  the  symptom  is  outgiTmn, and  it 
should  not  cause  any  alarnj  excepting  in  connection  with  other  symp- 
toms of  tetanus  or  of  tubercular  meningitis. 

All  these  forms  of  facial  spai^m  ai'e  to  be  treated  as  in  facial  tic. 
(See  i>age  67(1) 

Bernhaj\lt  has  rectirded  one  case  (if  congenital  ]>aralysis  of  the 
trigeminal  nerve  whicli  wa^  accompanieil  by  abducens  and  facial 
palsy,  and  this  appears  to  l>e  a  unir[ue  case  in  the  Hteratiire,  Injuries 
of  the  fifth  nerve  upon  thf*  buse  of  the  brain  by  tumors,  s\'phiiitic  or 
tul>eFcylar  exudations  in  the  meninges,  or  fractures  of  the  base  are 
very  rare.  When  the  Gajsserian  gruiglinn  is  involvetl  herpes  zoster 
upon  the  face  may  appear,  A  neuritis  of  the  trigeminal  nerve  follow- 
ing cold  lias  not  l>een  tlescribed,  yet  it  is  not  at  all  unlikely  that  very 
many  cases  of  trifacial  neuralgia  (see  jjage  82)  are  really  due  to  this 
cause.  Hemorrhage  ur  softening  in  tlie  puns  varolii  ur  medulla  at 
any  point  in  the  fifth  nerve  nucleus,  or  tumors,  or  patches  of  sclerosis 
in  the  same  locality  may  cause  paralysis  of  the  nerve.  Thus  the 
symptoms  nniy  he  present  in  any  form  of  giN^ss  lesion  in  the  cerebral 
axis.  It  also  aj^jiears  as  a  symptrjtn  in  some  cases  of  bulbar  par- 
alysis. In  these  casf\s  the  existence  of  other  symptoms  of  bulbar  riis- 
ease  will  enable  a  diagnosis  of  the  site  of  the  lesion  to  be  readied. 
It  has  also  Ijccti  <>hserved  in  syring<»myelia  when  the  gliomatous 
degeneration  extendiMl  into  tlie  jx)ns. 

Th*^  syniploms  (if  jiaralysis  of  the  sensory  portion  of  the  trigem- 
inal nerve  are  numbness  and  ana^sthesia  of  the  face.  In  Plate  XXII. 
the  exit  of  the  three  great  l>rancht^s  of  the  sensory  portion  ujjon  the 
face  are  shown,  and  in  Plate  V.  their  distribution  to  theskin  is  shown. 
Tfie  first  brant^i  su]>|>lies  the  tear  ducts  and  glands,  and  any  loss 
of  its  function  is  followed  by  a  dryness  of  the  eye.  Tlie  second 
branch  contn>ls  the  sensation  of  tlie  mucous  mend)rane  of  the  nose 
and  mouth,  and  dryness  of  these  parts  accomimnies  tliis  injury.  The 
second  and  third  branches  contain  all  th(*  fibres  concerned  in  taste, 
and  lience  lesion  of  tiiese  piirts  results  in  the  loss  tif  this  sense.  The 
vasomotor  and  trophic  functions  of  the  fifth  nerve  are  important, 
and  trophic  .symptoms  are  exceedingly  common  in  cases  of  any 
injury  of  the  fifth  nerve.  Whether  these  are  due  to  tlie  suspension 
of  sensation  may  lie  a  matter  of  discus.sinn.  They  consist  of  ulc(Ta- 
ti<*ns  fif  tlu'  cornea,  falling  of  the  tr^eth.  rhnn^es  in  the  hanl  gums 
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and  in  tlir  imieous  membrane  of  the  nioutli  antl  nii8P,  with  uiuliie 
firyness  and  tenilency  to  ulceration  and  the  formation  of  cru^^Us,  and 
also  the  development  of  herjies  zoster,  which  may  occur  in  the  nasal 
and  lingual  caxities  as  well  as  on  the  skin.  The  fifth  ner^'e  supplies 
the  tongue  with  sensation  as  well  as  with  taste,  and  unnoticed  injuries 
of  the  tongue  in  chewing  are  not  uncommon  when  the  fifth  nerve  i^ 
anaesthetic.  A  kiss  of  the  reflexes  of  tlie  face  occurs  in  paral\*sb  of 
the  fifth  nerve,  so  that  winking  does  not  occur  when  the  eye  is  irri- 
tated; teal's  do  not  flow,  sneezing  cannot  lie  produced  l>y  inlialatiou 
of  iiritating  substances  or  by  tickling  of  the  nose.  The  sense  of  smell 
issoniewliat  im])aiFed,  partly  on  account  of  the  dryness  of  the  inucouj* 
membrane  of  the  nose,  and  partly  because  many  irritating  suhstancej^ 
like  ammonia,  alcohol,  and  sul>stances  which  irritatethe  mucous  mem- 
brane are  really  perceived  through  the  trigeminal  nerve.  It  is  poti- 
sible  that  the  secretion  of  saliva  and  swalhnving  upon  the  )>aruly»*d 
side  may  l3e  suspended. 


FlQ,  '2>5h 


Fio,  2»;3. 


'^ 


Hemiatrophy  of  the  fkce.  The  cotirlUioii  de- 
veloped Blo\fly  during  live  yeara,  and  then 
came  to  a  atandstlll  at  the  poliit  shown. 


Uemluiropby  uf  the  Ace.  The  oondlllott  had 
developed  Iti  two  yean.  (Klodnf  9i  in, 
Maitbouae.) 


The  conmioti  form  of  disease  of  the  fifth  nerve  is  tjigeminal  neu- 
ralgia. This  ha^  bet^i  described  on  page  82  et  seq.  It  is  therr 
showTi  that  such  neuralgia  is  usually  due  to  a  lesion  of  the 
Gasserian  gniiglion. 

Hemiatropliy  of  the  Face.  A  gradually  advancing  atmphy  of 
one-half  of  the  face  has  l»een  obBervTiL  It  is  a  ver>'  rare  afifecliou. 
It  is  characterized  by  a  very  i^lowly  jjrogressive  atroi)liy  :»  " 
Bkin,  the  sulicutaneous  fat,  tlie  nnisclcs,  iind  the  1x>ne8  in 
degree.  As  a  rule,  this  condition  develops  in  youth;  it  has  not  been 
observed  before  the  age  of  ten  years,  suid  i^  ran*  after  the  age  of 
twenty  years.     For  some  time  it  may  escape  notice,  but  gradually 
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tlio  asymmetry  of  the  face  hcnimesiiiure  and  more  evident,  the  skin 
ii<  manifestly  thin,  and  is  often  slightly  pigmented,  the  eheek  sinks  in 
upon  the  affectetl  side,  the  temjjle  also  sinks,  and  when  the  disease 
is  thoroughly  developed,  as  in  tlie  ease  shown  iu  Fig.  2G3,  pa!|>ation 
reveals  the  decided  atrophy  of  all  the  tissues.  Sometimes  the  hair 
on  tlie  affected  side  falls  out,  but  this  is  not  a  uniform  residt.  Sen- 
sibility is  iu  no  way  affected  and  the  nmscles  are  not  paralyzed, 
altliough  as  they  become  tlun  they  are  weaker  than  those  of  the 
healthy  side.  After  several  years  the  condition  appears  to  come  to 
a  standstill,  and  the  disease  does  not  lead  to  a  fatal  tennination. 
Occasionally  the  disease  makes  rapid  progress,  as  in  the  patient 
shown  in  Fig.  263.  In  this  man  the  disease  had  been  in  progress 
only  two  years.  He  suffered  from  spasms  of  the  njasseters  and  much 
pain  in  the  face,  but  hat!  no  anaesthesia  and  no  other  sjmptoms  of 
intracranial  disease.  The  pathology-  of  this  disease  is  unknown. 
There  is  no  knowTi  treatment. 


THE  SEVENTH  HEEVE:  THE  FACIAL  HERVK 


The  facial  nerve  is  the  gi'eat  motor  nerve  vi  the  face.  It  arises 
from  a  huge  nucleus  which  lies  deep  in  the  formatio  reticularis  of  the 
pons  varolii.  (Fig.  198.)  From  this  nucleus  the  fibres  pass  back- 
ward and  inward  toward  the  floor  of  the  ventricle,  ciin^e  about  the 
nucleus  of  the  sixth  ner\''ej  forming  an  angle  known  as  the  knee  of 
the  facial,  and  then  turn  outward,  traverse  again  the  formatio  reticu- 
laris of  the  |)ons,  and  ntake  their  exit  in  the  gro*>ve  between  |)ons  and 
medulla  in  close  proximity  to  the  eighth  nerve.  It  then  enters  the 
internal  auditi)iy  foramen  of  the  petrous  portion  of  the  temporal 
bone  and,  after  passing  through  the  bony  canal  called  the  aqueduct 
of  Fallopius,  issues  from  the  stylomastoid  foramt^ii  upon  the  face  just 
under  the  lol)e  of  the  ear.  It  there  divides  into  many  brandies  which 
supply  the  various  muscles  of  the  face.  (Plate  XXIL)  Just  before 
entering  the  auditory  foramen  a  ganglion  is  seen  to  lie  on  the  nerve. 
This  is  the  geniculate  ganglion.  As  motor  nerves  do  not  possess  such 
ganglia,  it  is  evident  that  at  this  point  S(»me  sensory  fil>res  nmst  l>e 
associated  with  the  motor  fibres.  These  really  are  sensory-  hbres 
belonging  to  the  chorda  tynipani— a  sensory  nerve  of  taste  which 
joins  the  seventh  nerve  in  the  Fallopian  canal  and  leaves  it  at  the 
ganglion  to  pass  by  way  of  th*^  \'idian  or  suptThcial  petrosal  nerve 
to  the  suiJcrior  maxillary  branch  of  the  fifth.  Occasionally,  when 
inflammatory  processes  attack  the  seventh  nerve  in  the  canal  where 
this  sensorj^  nerve  lies  beside  it»  its  fibres  are  involved,  and  then  the 
sense  of  taste  is  lost  on  the  anterior  two-thirds  of  the  tongue.  A 
small  nerve  lies  at  the  side  of  the  facial  between  the  ganglion  and 
the  pons  and  enters  it  between  the  seventh  and  eiglith  nerv^es.  This 
is  the  nerve  of  \^>isberg.  It  is  probably  a  sensory  nerve.  It  passes 
toward  the  glossophar\'ngeal  nucleus,  where  it  ends.     It  has  l)een 


664 


THE  CRANIAL  NERVES  AND  THEIR  DISEASES, 


thought  to  be  a  vestige  of  the  extensive  sensor}'  facial  branch  found 
in  fishes.  Fig.  261  shows  the  various  branches  of  the  nerve  in  its 
course.  The  successive  invasion  of  each  liraneli  fn  in  without  inward 
by  a  progressive  neuritis  enables  one  to  locate  the  process  of  a  neu- 
ritis in  the  nerve,  as  will  be  indicated  in  the  section  on  diagno^s. 
Tlie  facial  nucleus  is  closely  joined  to  many  other  cranial  nerve  nuclei 
by  association  fibres.  One  distinct  branch  frnni  the  ociiU  motor  nu- 
cleus joins  the  facial  inicleus  and  sen<ls  some  filaments  directly  into 
the  nerve  trunk.  Thus  an  anatomical  basis  for  the  many  retlexand 
automatic  acts  in  which  the  muscles  of  the  head  and  fae^  take  part 
is  seemed.  Thus  in  the  acts  of  wLnking,  breathing,  in  motions  attend- 
ant upon  sensations  of  sight,  and  sound,  and  taste,  ar»d  snielb  a^ 
well  as  in  the  various  bodiU*sensations»cha!iges  of  the  facial  expres- 
sion are  constantly  seen  which  are  automatic.  Mental  states  are  als<:» 
reflected  in  the  face  unconsciously,  ami  this  is  secured  by  an  intimate 
association  of  the  facia!  nuclei  and  the  centres  in  the  optic  thalamus. 
Any  disease  in  the  pons,  such  as  hemorrhage,  sof telling,  sclero*:Ls,  or 
tmnor  will  susijend  these  reflex  acts.  The  facial  micleiis  is  alsfi 
directly  joined  to  the  cerebral  cortex,  receiving  impulses  from  the 
lower  third  of  the  motor  area  by  a  tract  which  traverses  the  knee  of 
the  int*Tnal  ca|>su!e  and  lies  in  the  median  part  of  the  motor  tract  in 
the  cms  cerelni.  Its  fibres  leave  the  motor  tract  in  the  pons,  pa«s 
backw^'ird  in  the  raph^,  where  they  partially  decussate  with  thu«f  of 
the  opposite  side,  and  end  in  the  nucleus.  Thus  each  hemi.sphen»  is 
jnined  to  both  nuclei.  Lesions  in  the  course  of  this  tract  arrest 
voluntary  movements  of  the  face,  but  do  not  susjx^nd  the  reflex  aetii, 
(St^'  Figs.  173  and  174  and  i>age  432.} 

Facial  Paralysis.  Pathology.  As  facial  jjaralysis  usually  recovwF, 
Imt  few  j>athological  oliservations  arc  available.  Markowski*  found 
in  a  case  of  facial  jmlsy  ilue  to  ctihl  tliat  tlie  nerve  was  nornial  from 
the  medulla  to  the  geniculate  ganglion,  l>ut  from  the  ganglion  down- 
Wiird  into  the  periphery  there  was  a  well-marketl  degeneration.  The 
neuritis  was  parenchymatous  and  not  interstitial.  The  i)eripher^ 
branches  contained  many  fully  (k»generi^ted  fil>res,  a  few  remaining 
globules  of  myelin  in  a  slat<*  of  tlisintegratitm,  and  many  little  fat 
cells.  Some  of  the  branches  containecl  normal  as  w^ell  as  degener- 
ateil  ner^'e  fibres,  and  very  few  degenerated  fibres  were  found  in  tlie 
sujierficial  petrosal  and  sta]iedius  nervTs.  The  entire  process  was  a 
pure  degenerative  neuritis  without  any  particii)ation  of  the  neuri* 
lennna*  A  similar  lesion  was  found  by  Darkschewitch  and  Tiehonow,' 
Dejerine  and  Theohari''  have  examined  a  ner^^e  after  facial  palsy 
ancl  found  a  well-marked  degeneration  in  all  the  branches  of  the 
nerve,  though  the  lower  branch  was  more  affected  than  the  others, 
Tliere  was  no  evidence  of  interstitial  changes.  While  the  root  of  the 
facial  nerve  showed  no  dc^generation,  exauiinaiion  of  the  nucleus  l»y 


A  Areh.  f   P^yeh.,  [i*k.  xxiii.  p.  3C7. 
•  La  Heumine  Mwlicnlf*,  1897.  p.  453. 
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the  Nissl  stain  denionstrated  a  (lisap}>eai"anre  of  the  fino  Nissl  hotlios 
and  a  sliining  ai>j»eaFance  s^uch  a.s  Is  fount!  in  ct41s  whose  fuiieti<*n  is 
suspended.     This  was  also  seen  by  Fhitau'  in  an(>ther  case. 

Btjolog-y,  Wliile  facial  palsy  due  to  nialdeveloptnent  in  foetal  life 
has  been  oeea^ionally  described,  the  majority  of  congenita!  eases  are 
due  to  j>ressnre  exerted  upon  the  facial  nerve  tluring  delivery.  This 
pressure  may  be  [iroducetl  by  forcep.s  a]->plied  to  the  liead  or  by  a 
misplaced  hand  or  shoulder  pressing  upon  the  face  during  labor. 
Benihardt"  hasreeorded  a  number  of  such  ca,ses»  and  every  ol>stetri- 
eian  has  met  witli  them.  In  some  of  these  eases  the  orbieularis  oris 
lia.s  not  been  paralyzed.  Children  occiisionally  suffer  fnnn  facial 
paralysis  folkndng  a  blow  on  the  ear  wy  an  attack  of  the  mumps. 
TyV)C*rcular  swelling  of  the  glamls  of  the  neck, causing  jire^^sure  on  the 
nerve  is  an  occasional  cause  of  facial  i>alsy  in  ehildren,  but  the  most 
conmion  cause  in  children  is  otitis  media  jiroduciiig  an  inflanunation 
of  the  nerve  in  the  Fallopian  eanal  adjacent  to  the  inflamed  ear. 
This  also  is  a  cause  of  facial  palsy  in  the  adult  in  7  per  cent,  of  the 
eases.  Intracranial  tUseiise,  such  as  tmnors  of  the  brain,  or  exuda- 
tions upon  the  liase  i>f  the  brain,  or  syphilitic  inflanmiation  of  the 
nerve  trunk  within  tlie  eranium  compressing  the  nerve,  may  pnuluce 
paralysis.  Fracture  at  the  base  of  the  skull  and  caries  of  the 
petrous  portion  of  the  temjjoral  bon**,  involving  the  nerve  in  its 
course  have  also  produced  facial  ]>al8y.  The  usual  cause  of  facial 
paralysis  is  supposed  \o  be  exposure  to  eold.  PhiliiJ  ascribed  facial 
palsy  to  this  cause  in  72  per  cent,  of  the  eases,  Remak^  found  this  a 
cause  in  45  per  cent,  of  his  cases,  but  Thomas*  describes  it  as  a  cause 
in  only  one-r|uarter  of  his  cases.  In  many  of  my  cases  a  history  of 
a  draught  upon  the  t\\\p  of  the  face  has  been  obtaintrband  it  seems 
probable  that  this  may  produce  such  congestion  of  the  nerve  as  to 
lead  to  facial  paralysis.  The  cUsease  does  not  occur  more  frequently 
in  winter  than  in  smmner,  but  Bernhardt^  found  it  more  common  in 
women  than  in  men  and  more  connnon  in  men  who  were  shaven  than 
iij  thosc^  wlio  wore  a  Ijeard.  The  Ciermans  call  all  cases  due  to  ex- 
posure to  cold  ''rheumatic/'  but  there  ajjpears  to  be  no  distinct 
relation  between  facial  palsy  and  rheumatism.  In  very  many  cases 
no  ostensible  cause  can  be  ascertaine<l. 

The  most  plausible  exii[anati*)n  of  the  occurrence  of  facial  palsy  is 
thf\t  nffered  Ijy  Phili|/' wlio  believes  tliat  a  congenital  narrowing  of 
the  stylon^astoiii  foramen  in  certain  i)ersons  predisposes  them  to  a 
compression  of  the  nerve  upon  any  slight  congestion  of  its  tnmk.  It 
is  prol>able  that  an  mmaturally  large  nerve  lying  in  a  normal  foramen 
might  produce  some  sucli  tendency.  A  certain  number  of  cases  of 
facial  palsy  develop  during  the  niglit^  when  pressure  uiion  the  pillow, 


•  Ztit^ch.  f.  klin.  Mid..  1897. 
'  Retimk,     Neural  O.  titrftibL,  1899, 

•  TlmmaM.     Jour.  Airier.  Mfd.  Ai«or.,  1898,  No.  21. 

»  Berliner  kliit.  Worli  ,  IH88,  No.  7.  and  1892,  No.  30. 

•  Dif-'^ert..  Bonn.  1S0O. 
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cmnb'invd  with  venous  stasis  in  the  canal,  iniglit  jjrochire  a  |*rp8siire 
in  such  irulividuals.  One  attack  of  facial  ]>aL<y  predisposes  to  auother. 
and  in  7  per  cent,  of  the  cases  there  is  a  recurrence  of  the  di^^eai^e- 
Facitil  paralysis  may  aecnnij>any  any  form  of  nndtiple  neuritis,  ami 
is  then  often  hilaterah  I  have  seen  such  cases  in  adult.s  suffering 
from  alcoholic  multiple  neuritis,  also  from  severe  lend  palsy,  ami 
several  rases  in  children  after  dii>htheria. 

Symptoma.  The  symptoms  of  facial  paralysis  are  ven*  noticeal*!-'. 
There  is  a  totrd  piU'al\^sis  of  all  the  muscles  upon  one  side  of  the  fuci*. 
including  the  forehead  and  the  muscles  which  close  the  eye.  Tlie 
forehead  is  smooth,  its  wrinkles  are  no  longer  e\ident,  aiul  tlie  eye- 
brow is  immoval>Ie.  Attempts  at  frowning  are  unsuccessful  on  the 
paralyzed  side^  the  eye  remaining  open,  and  when  the  patient  is  tnl-l 
to  close  it  he  merely  rolls  the  eyeliall  Ujiward,  leaving  the  scl*vra 


Fig.  364. 


FiQ.  265. 


FacliLt  pamljr&l.^  of  ib&  right  side.    Aitempt 
lo  nUBC  I  he  eyebrowi. 


FuclAl  i^ttnlyAlB  of  the  right  liuc, 
u>  dose  th«  eje«» 


\isible.  He  is  not  aware,  however,  tliat  he  hii.^  not  cIo8(»d  tlie  evf. 
The  reflex  act  of  winking  is  abolished*  and  the  consequent  expo«*uji» 
of  the  eyeball  often  leads  to  conjunctivitis.  As  tin*  lower  lid  is  ruM 
ajiproximated  to  tin*  eyeball^  tears  are  no  hmger  directed  into  the 
tear  duct,  and  n^ay  run  down  upon  the  eheek.  The  nasolabial  fold 
of  the  cheek  is  flat,  the  corner  of  the  moutli  hangs  down,  and  tlicn? 
is  a  total  lack  of  the  norma!  play  of  facial  exj)ression  during  emotion 
or  in  conversation.  Tlie  ttat»  expressionless  c«vunterumce  giveif  a 
mask-like  appearance  to  the  face  and  attracts  attention  at  once,  lo 
the  act  of  resjjiration  the  ala  of  the  nose  Ls  not  dilated  and  the  check 
ofti:*n  flaps.  All  voluntary  motions  about  the  mouth  are  suspended, 
hence  whistling,  blowing,  })ursing  of  the  Ups,  drinking,  or  mn\' 
food  about  in  the  mouth  during  the  act  of  chewing  are  imp 
performeil,  and  the  i>ronunciation  of  labials  is  often  indistinct.  Ihe 
patient  often  bites  the  clieek  in  the  act  of  chewing,  as  tlie  bucciaalor 
fails  to  act.     Those  who  can  move  the  ears  los4^  this  ixiwer.    Oca- 
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sionally,  when  the  mouth  is  opened,  the  tongue  ajjpear^  to  protru<ie 
toward  the  healthy  ^ide.  Tliis  deviatiuii  is  often  apparent  ratlier 
than  real,  the  mouth  being  oijened  unevenly.  If,  however,  the  de%'ia- 
tion  of  the  ton*rue  is  real,  it  is  due  to  a  paralysis  of  the  Diu.«icles 
attached  to  the  liyoid  bone,  allo%ving  this  to  fall  upon  the  paralyzed 
side.  Occasionally  ii^  facial  palsy  a  deviation  of  tlie  u\'ula  has  been 
noticed.  One  side  of  the  uvula  may  te  elevated,  and  it  is  t!ien  turned 
away  from  the  paralyzed  side,  or  it  may  fall  toward  the  paralyzed 
side.  This  symptemi  is  a  rare  one,  and  I  have  seen  it  only  {HTasion- 
ally.  While  mentioned  Ijy  Erb  and  others,  it  has  Ikh'u  denied  by 
Horsley  and  Heevor^  who  consider  it  a  mere  aeeiilent  and  not  a  symj)- 
torn  of  facial  palsy.  It  is  quite  certain  that  tiie  motor  innervation 
of  the  palate  comes  from  the  vago-aceessorius.  Schultze*  has  found 
siieh  a  ileviation  in  but  one  ca^e  in  55.  In  some  cases  of  facial 
palsy  the  sense  of  taste  is  afTected  upon  the  anterior  two-thirds  of 
the  tongue  upon  the  jjaralyzed  siile.  This  may  be  present,  however^ 
without  attracting  th*^  notice  of  the  patient/  It  can  i>t^  discovered 
by  applying  sweet,  salty,  or  l)itter  solutions  to  the  tongue  with  a  fine 
camel  sdiair  brush  or  by  passing  a  galvanic  current  thn)ugh  the 
tongue,  when  the  galvanie  taste  is  no  longer  j)roiluced.  This  symp- 
tom is  only  present  when  the  lesion  in  the  nerve  is  a  deep  one  and 
involves  that  jiart  of  it  within  the  Fallopian  canal,  where  the  chorda 
tympani  joins  it.  An  unusual  aeuteness  ni  hearing  and  tinnitas 
aurium  are  f>ecasionally  complained  of.  They  are  due  to  the  tension 
of  the  driun  membrane  consequent  upon  ]>aralysLs  of  the  stapedius 
muscle.  Under  these  circimistaoces  the  lesion  is  very  tleep  in  the 
Fallopian  canal  or  upon  the  base  of  the  brain.  If  the  paralysis  is  an 
accompaniment  of  middle-ear  disease,  or  if  the  auditory  nerve  is 
affected  upon  the  has**  of  the  brain,  where  it  lies  in  close  apposition 
to  the  facial  nerve,  deafness  and  vertigo  will  be  associated  with 
paralysis.  The  patients  sometimes  complain  of  pain  behind  the  ear 
at  the  time  of  the  onset  of  the  aflretioti,  and  are  often  tender  to 
jiressure  at  the  exit  of  the  nerve.  They  sometimes  have  pain  in  the 
side  of  the  neck,  and  occasionally  herpes  appears  below  the  ear  or 
on  the  side  of  the  neck. 

After  the  paralysis  has  been  pjresent  for  some  little  time  stiffness 
in  tlie  muscles  of  the  face  is  often  felt,  but  it  is  rarely  associated  with 
neuralgic  pain.  If  the  case  docs  not  go  on  to  recovery  the  facial 
muscles  atrophy  and  contract,  producing  a  very'  distressing  sense  of 
stiffness  in  the  side  of  the  face.  This  contracture  of  the  muscles  may 
restore  the  original  lines  of  the  face  and  the  original  facial  expression, 
and  may  even  elevate  the  corner  of  the  mouth  slightly,  so  that  at 
tlie  first  glance  the  paralysis  may  be  thought  to  be  in  the  well  side, 
but  any  attempt  at  voluntary  movement  will  demonstrate  the  immo- 
bility of  the  truly  paralyzed  and  contractured  muscles. 


^   Lfbrbucli  der  Nervenkraiikheken,  Bd.  i.  p.  5. 

'  I^niioye^,  M.     Aniialf^  tl*»s  Mai.  de  TOri'ilk,  1899,  p,  564, 
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The  pleetrical  coiitracfilityin  tlie  facial  muscles  is  usurtlly  altered, 
Tn  some  eases  the  farailic  contraetility  is  preservetl  aiul  the  galvanic 
contraetility  is  slig:htly  iiicreased,  so  that  the  muscles  resjxind  to  aJ 
weaker  current  than  those  upon  the  nonrial  side.     In  these  eases' 
recovery  occurs  within  three  or  four  weeks.     In  cases  of  medium 
severity,  however,  there  is  a  jJiutial  reaction  of  defeneration.     The 
fnnidic  ccjntnictility  is  very  nuich  tliminished  or  even  lost,  the  gal- 
vanic contractihty  is  heightened »so  that  only  a  weaJv  current  is  neces-^ 
sary  to  produce  contraetility,  and  the  cathode  closing  contraction 
remains  greater  than  the  anode  closing  contraction.     In  the  course 
of  six  weeks  the  galvanic  contraction  becomes  normal;  after  two, 
montljs  the  fai'adic  contraetility  returns,  and  these  patients  recover  j 
in  between  two  and  three  months.     In  severe  ami  permanent  cases 
there  is  a  total  reaction  of  degeneration,  a  complete  loss  of  faradic 
contractility,  and  a  gradual  reduction  in  the  galvanic  contractility, 
S(^  tliat  very  strong  currents  are  necessar\'  to  produce  any  effect,  and 
here  the  anode  closing  contraction  is  greater  than  the  cathode  closing 
contraction,  and  the  opening  contractions  may  be  equivalent  to  the 
closure  contractions.     Such  a  reaction  of  ilegeneration  may  remain 
for  a  whole  year,  and  even  then  recovery  may  ensue.    In  fact,  Remak 
records  a  case  of  recov(*r>^  after  three  years'  continued  reaction  of 
degeneration.     The  electrical  reactions,  tlierefore,  are  inqjortajit  not 
only  as  symptoms  but  as  prognostic  indications  in  this  aflfection. 

The  course  of  the  casf^  varies  in  different  conditions  in  accordance 
with  the  severity  of  the  initial  lesion.  In  ttie  majority  of  cases  all 
sym|)toms  tleveloj)  within  a  few  hours  of  tlie  onset,  tuu\  remain  prac- 
tically stationary  iov  from  two  to  three  weeks,  during  which  time  no 
voluTitary  movement  at  all  is  possible.  In  the  lighter  eases  the 
symptoms  tlien  gradually  subside*  and  recovery  results  in  four  to  six 
weeks.  In  more  se%'ere  cases  such  recovery  ili>es  not  occur  under  sL\ 
months.  In  the  severer  t}T>e  a  year  may  ensue  before  any  relief 
is  evident,  and  in  a  few  cases  no  recoveiy  «>ccurs,  the  condition 
becoming  permanent,  the  muscles  l»ecoming  contractured,  and  very 
often  being  the  seat  of  twitching  and  spasms  which  are  aimoying, 
It  is  in  these  severer  cases  that  conjunctivitis,  unless  prevented  by 
antiseptic  alkaline  lotions  to  the  eye,  occurs  as  a  complication. 

Diagnosis.  The  diagnosis  of  facial  palsy  presents  no  difficulties  as 
the  symjttoms  are  ver\'  distinct.  But  facial  paralysis  niay  tK'Cur 
not  only  fnmi  a  lesion  of  the  nerve  trunk,  but  from  a  lesion  of  the 
brain  at  any  point  in  the  motor  tract  betwt%n  the  cortex  and  the 
facial  nerv^e  nucleus.  Facial  paralysis  produced  by  a  cortical  lesion 
or  by  a  I(*sion  in  the  motor  tract  above  the  level  of  the  nucleus  of 
the  facial  nerve  is  less  ctjmplete  than  facial  paralysis  from  lesion  in 
the  nerve,  and  is  not  attended  by  complete  paralysis  of  the  act  of 
closing  the  eye.  Winking  is  always  possible,  and  tlie  nmscles  of  lb«^ 
forehead  are  less  commonly  involved.  In  emotionjd  excitement  the 
facial  muscles  act  nonnally  so  tliat  the  jilay  of  exj>ression  «  -  ^^n 

though  vohmtary  movement  is  sus|it*nded.     In  this  form  -iv 


THE  SEVENTH  NERVE:  THE  FACIAL  NEEVE, 


669 


are  no  chanp:f*s  in  the  elec^trical  eootractility  in  the  paralyzf^d  muscles, 
WTiile  it  is  |>ossible  that  an  isolated  facial  jiaralysis  from  cortical  or 
subcortical  disease  may  occur,  such  paralysis  is  usually  the  aceom- 
panimeiit  of  hemiplegia,  and  hence  is  not  likely  to  l)e  mistaken  for 
paralysis  due  to  a  lesion  in  the  course  of  the  trunk  of  the  nerve. 

Facial  ])aralysis  due  to  a  lesion  of  the  facial  luicleiis  in  the  pons 
Viirohi  is  almost  uniformly  attemied  by  other  symptonis  tjf  jkjius 
disease,  such  a-s  (a)  a  paralysis  of  the  sixtli  nerve,  which  lic^s  adjiiceiit 
to  the  seven  til  nerve  nucleus;  or  ib)  an  imj)lication  of  the  motor  or 
sensory  tract  ]iassing  to  the  opposite  arm  and  leg,  which  pass  close 
by  the  situation  of  the  facial  nucleus,  thus  producing  alternating 
lieniiplegia  or  hemiaiuesthesia  (Fig.  177);  or  (c)  the  symijtoms  of 
bulbar  paralysis ;  or  (d)  the  symptoms  of  muscular  dystro|>hy .  Gowers 
has  reported  a  case  of  isolated  infantile  palsy  of  the  face  analogous 
to  infantile  spinal  paralysis.  In  this  case  the  orbicularis  oris  escaped. 
The  characteristics  of  the  facial  paralysis  when  the  nucleus  is  affected 
are  the  sauie  as  tliose  when  the  nen-e  trunk  is  diseased,  but  there  is 
no  atTection  of  taste. 

The  diagnosis  of  disease  upon  the  base  of  the  brain  between  the 
exit  of  the  facial  nerve  fn>m  the  pons  and  its  entrance  into  the  internal 
auditor}'  foramen  can  only  l)e  made  from  the  presence  of  other  synqi- 
toms  of  intracranial  i!isi*ase  sucli  as  are  due  to  pressure  ui>on  the 
side  of  the  pons  or  to  implication  of  other  cranial  nerves,  notably  the 
sixth  or  the  eighth.  The  diagnosis  of  the  location  of  the  lesion  in 
the  course  of  the  nerve  within  the  Fallopian  canal  is  not  difficult. 
If  the  nerve  is  affected  near  the  geniculate  ganglion  or  jjrior  to  the 
giving  off  of  the  little  branch  to  the  stapetlius  muscle,  tinrntus  aurium 
and  acuteness  of  hearing  will  be  noticeable  symptoms.  They  will  not 
be  liresent,  however^  if  the  lesion  is  nearer  t(i  the  exit  of  the  nerve 
than  tlie  jmint  from  whicli  this  liranch  arises.  If  the  nerve  is  injured 
in  the  Fallopian  canal  l^etween  the  i>oint  at  which  it  is  joined  by  the 
chorda  tympani  and  the  point  at  wfiich  this  nerve  is  given  off,  a  loss 
of  taste  in  the  atiterior  two-thirds  of  the  tongue  will  be  present. 
Such  a  loss  of  taste  does  not  occur  if  the  lesion  is  near  to  the  exit 
of  the  nerve  at  the  stylomastoid  foramen  or  is  in  the  face  after  its 
exit  from  this  bony  canal    (See  Fig.  261,) 

Prognosia.  The  prognosis  in  facial  paralysis  depends  upon  the 
cause  and  the  severity  of  the  attack.  In  lesions  of  the  nucleus  within 
the  brain  or  of  the  trunk  on  the  base  of  the  brain,  and  in  lesions  of 
the  nenT  following  otitis  media,  recovery  is  ra^^.  When  the  cause 
is  cold  or  is  unknown,  the  majority  of  patients  get  well  The  severity 
can  Ije  determined  with  a  fair  degree  of  accuracy  by  the  electrical 
examination,  as  already  describetl  and  tliis  examination  often  aids 
the  prognosis. 

Tffl&tmQnt.  If  the  patient  is  seen  withiti  two  or  three  tlays  of  the 
onset  of  the  ilisease  it  is  well  to  apply  a  small  blister  over  the  exit 
of  the  nerve  l)eneath  the  ear.  If  the  cause*  of  the  affection  can  be 
ascertained  and  can  be  removed  especially  if  it  is  otitis  media,  this 
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should  be  done,  but  in  \hv  niajority  of  eases  it  is  impossible  to  ascer- 
tain a  cause,  and  hence  the  treatment  must  be  symptomatic.  It 
should  consist  of  massage  of  the  fare,  done  l)y  the  patient  with  the 
tips  of  his  finders  fre<iuently  during  the  day,  and  tlii^  can  be  aided 
by  placing  one  finger  in  the  mouth  and  so  compreHsing  arid  kneading 
the  muscles  between  the  two  fingens.  The  nmselet^  should  be  treat'ed 
with  electricity  daily,  that  current  being  usc*d  which  produce  a 
contraction.  But  it  is  not  advisable  to  continue  electrical  tn^utment 
long(*r  tlian  six  months,  for  in  the  cases  which  last  beyond  this  tiriie 
th«'  electrical  stimulation  favors  the  development  of  eontrartures. 
When  contractures  occur  in  the  chronic  cases  warni  applications  of 
water  and  massage  may  alleviate  tlie  sensatiim  of  stiffness.  It  is  use- 
less to  api>ly  the  faradic  eunx'nt  when  the  nuiscles  do  not  resp<ind 
to  it.  Lidide  of  |)otasaimn  in  five  grain  dose  after  meals  and  small 
doses  of  str^Thnine  have  been  thought  by  some  WTiters  to  hasten 
recovery. 

Facial  Spasm,  (Tic  Convulsif .)  A  sp^isniodic  twitching  of  the 
muscles  supplied  l)y  the  facial  nerve  is  not  an  uncommon  affection. 
It  is  usually  jirimary ,  and  not  secondarj^  to  facial  piu-alysis.  All  the 
muscles  may  Ix^  affected  by  the  spasni^  or  it  may  be  limited  to  the 
nmscles  al)out  the  eye,  the  orlneularis  pali>ebranmi,  when  it  is  called 
*M>k*j>harospasm.^'  rsually  the  zygomatic  ouu^des  and  the  levator 
anguli  oris  are  affected  with  the  Cfrbiculuris  |>alpebrarum,  WTien  this 
is  the  case  the  s|>asjii  usually  extends  to  the  muscles  of  the  chin.  It 
is  a  unilateral  affeetion  at  first,  Init  may  Ix'come  bilateral.  The  slight 
bilateral  twitelihig  of  the  face  sometimes  seen  in  childhood  or  in 
hysterical  imlividuals  is  not  iiieludetl  in  tie  convulsif. 

Facial  spasrn  is  a  disease  of  adult  life,  not  usually  developing  until 
after  the  age  of  forty  yetu-s.  It  occurs  in  women  more  frequently 
than  in  men  and  nnich  nKJre  commonly  in  persons  of  a  neuropathic 
constitution  or  in  thost*  who  are  subject  to  migraine,  anrrniia,  or 
cacliectic  conditions.  A  sudden  mental  shuck  has  been  kouun  !<> 
prfHJuce  it. 

A  spasniodic  contraction  of  the  muscles  anywhere  in  flie  lhh.iv  ^ 
rarely  evidence  of  primary  motor  irritation.  It  is  usually  secondar>* 
to  a  sensory  im|>ulse,  tlie  contraction  of  the  nuiscles  being  a  resjx^iLse 
to  such  an  imiiulse.  Thus  the  act  of  winking  is  primarily  due  to  an 
irritation  of  the  conjunctiva,  and  blei>hiii'ospasm  can  Ix*  usually  traced 
either  to  some  local  disease  in  the  eyelids,  to  some  strain  of  the 
ocular  muscles,  or  to  some  defect  of  vision.  The  most  suildeii  or 
lightning-like  cfjntractions  in  the  facial  muscles  are  seen  in  connec- 
tion witli  frtcial  neuralgia,  and  it  is  prolcdile  that  in  the  majority  of 
cases  of  facial  sj>asin  the  cause  is  to  l^e  found  in  some  irritation  in 
the  domain  of  the  trig*>minal  nerve  Thus  irritation  in  the  nose,  or 
about  the  twth,  or  even  in  the  mouth  f»r  throat,  or  in  the  scalp,  is  suf- 
ficient to  produce  a  facial  si»asm,  and  many  cases  can  only  be  relie\^ 
by  the  removing  of  the  source  of  irritation.  It  is  not  imfxissible  that 
small  senscjry  filaments  of  the  trigemind  nerve  may  be  the  seat  of 
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neuritis  without  any  attendant  pain,  and  that  the  result  luuy  be  a 
facial  tie.  In  thf*  stn^ere  spasm  of  torticollis  it  is  possii>!e  for  an 
f'Xtfnsif>u  of  the  s|>iusm  to  tlie  facial  musf^les  to  occur,  so  that  the 
spasm  not  only  Ivniis  tht*  head,  but  twists  tlie  face.    Cases  have  been 

corded  of  facial  spasm  due  to  a  pressure  fjf  tumors  on  the  facial 
nerve  within  the  skulL^  Facial  spasm  has  also  been  otjserved  in 
irritating  lesions  of  the  facial  area  in  the  mf>tor  cortex  of  the  brain, 
but  these  spasms  are  rarely  as  constant,  as  frequent,  as  suddetu  or 
as  extreme  as  those  in  true  facial  tic.  They  are  usually  atteiuled  by 
spasms  in  the  neck  and  arm  and  by  other  symptoms  of  cortical 
disease.  Nevertheless,  it  is  well  to  renienjlier  that  a  facial  spasm 
may  be  the  first  sign  of  eortical  epilepsy,     (See  page  422.) 

Symptoma.  The  chief  symptom  of  tlie  affection  is  the  sudden, 
light ningdike  twitching  of  the  muscles  of  the  face.  Such  twitching 
occurs  at  intervals,  or  a  series  of  twitches  may  occur  rapidly,  one  after 
another,  each  paroxysm  lasting  several  secon^Js,  or  even  a  minute. 
The  final  contraction  may  be  a  tonic  one,  so  that  the  face  is  drawn 
up  and  is  motionless  for  a  few  moments.  Any  attempt  at  looking 
fixedly  at  an  object,  or  mo\ing  the  face,  or  talking,  or  chewing  is 
liable  to  be  followed  by  a  spasm,  and  sometimes  a  cold  draught  is 
sufficient  to  bring  it  on.  Some  patients  complain  that  the  spasm 
is  set  up  by  a  strong  light,  under  which  circLunstances  it  is  probable 
that  the  irritation  of  the  optic  nerv'e  is  sufficient  to  set  up  a  contrac- 
tion. For  this  reason  many  patients  protect  the  side  of  the  face  by 
a  thick  Wdcillen  pad,  which  keeps  out  light  and  cold.  The  spasm  is 
never  prdnful,  and  as  there  is  no  paralysis,  voluntary  motion  is  per- 
fectly jjossible.  There  is  no  change  in  the  electrical  contractility  of 
the  facial  muscles.  In  one  case  recorded  by  Keen'  the  sjiasm  ex- 
tended from  the  facial  nerve  to  the  muscles  of  masticatiijn,the  tongue, 
and  muscles  of  the  neck.  Occasionally  a  tender  spot  in  the  region 
of  the  fiftli  nerve  or  slight  areas  of  antesthesia  may  be  discovered  by 
careful  examination,  a  fact  which  sujiports  the  theory  that  the  facial 
spasm  is  st*condary  to  disease  in  the  trigeminid  nerve, 

Tlie  course  of  the  case  is  usually  a  x^ry  slow  one.  The  si>a8m 
begins  in  a  few  muscles,  and  extends  to  others  until  the  entire  face 
is  involved,  and  the  liisease  may  remain  for  many  weeks  or  months, 
and  then  sudflenly  cease.  It  is  particularly  lial)!e  to  return.  Not 
infrequently  there  Ls  no  ])ermanent  recovery.  The  patient  is  liable 
to  the  spasm  all  his  life.  Hence  the  jirognosis  is  unfavorai)le,  espe- 
cially if  tlie  ihseiise  has  lasted  more  than  a  month. 

Treatment.  Treatment  should  consist  in  a  very  careful  attempt  to 
discover  some  source  rjf  reflex  imtation  by  exiunination  of  the  func- 
tions of  the  eye,  careful  investigation  of  the  throat  and  nose  anil  of 
the  teeth;  and  the  removal  of  such  irritation  if  |jossible.  In  one  patient 
whose  entire  left  sitle  of  the  face  wa.s  in  constant  sjiasm  examination 


*  SchuU^e,     Vircliow*5i  Archiv,  vol,  Ixv.  p.  385,    Vuas,  NeuroL  CVnlmJbl., 
^  Transiact lotto  of  the  American  Surgical  AssoiiaUon;,  1886, 
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showed  tluit  ti  inarkrd  clelective  visual  power  in  the  right  ew  had 
thrown  all  the  work  of  vision  on  the  left  eye.  Tliis,  too,  was  astig- 
matic and  myopic.  The  proper  adjustment  of  gliLSses  resulteil  in  a 
progressive  eure,eoniplete  within  a  montlu although  the  condition  had 
lieen  present  for  over  a  year.  If  no  cause  is  found  the  diiseai^e  must 
be  treated  symptoniatically  by  hot  applications  to  the  face  and  by 
the  free  use  of  seflatives»  of  which  liromide,  cannabis  indict,  mor- 
phine, gelsemium,  and  eooiuni  are  the  most  useful.  Electricity  is  of 
no  use,  Counter-irritatitju  by  l)listers  or  cautery  also  fails  to  relieve. 
Stretching  of  the  facial  nerve,  which  has  been  attempted,  is  usually 
followe<l  by  paralysis,  but  when  this  subsides  the  twitching  returns. 

Some  cases  of  tic  eonvulsif  are  of  interest  beeause  of  the  possibility 
of  locatiog  the  seat  of  irritation  by  means  of  hy|)odermie  injections 
of  cocaine.  In  two  eases  under  my  care  the  tic  had  been  of  long 
tluration  and  had  given  the  patient.^  much  ciLsconifort.  and  had  failed 
to  yield  to  any  remedies.  In  neither  case  was  there  any  localizable 
pain.  Inasnmeh  as  the  majority  of  such  eases  of  facial  spasm  are 
due  to  imtation  in  the  course  of  the  trigeminal  nerve,  it  wa,s  necessary 
to  determine,  hrst,  whether  the  spiisms  were  reflex,  and^  second,  if 
so,  in  w^hich  branch  of  the  trigeminal  nerve  the  irritation  began. 
This  w\%s  arrived  at  Ijv  injecting  eticaine  beneath  the  skin  of  the  face 
successively  at  tlie  ]K>int  of  emergence  of  the  supraorbital,  infra- 
orbital, aral  dental  l>rariehes  of  the  trigeminal  nerve.  In  the  first 
case  the  injections  had  no  effect  on  the  st>asm  when  the  up|x»r  two 
branches  were  aniesthetized,  hut  the  injection  at  the  mental  foramen 
in  the  low*/r  jaw  was  succeeded  by  immediate  stopj>age  of  the  spa^m 
for  one-half  hour,  or  until  the  local  effect  of  the  cocaine  hail  sulKsideiL 
This  patient  was  then  operated  upon  by  Hartley,  who  exsectod  llii.** 
branch  of  the  trigeminal  nerve  at  its  exit  from  the  jaw  with  the 
effect  of  permanent  cure  of  the  tic. 

In  the  second  ease  injection  in  the  infraorliital  i>ranch  of  the  ner\^c 
stopped  the  spasm,  and  here  division  of  this  branch  was  followed  by 
permanent  cure  of  the  tic. 

Snnietimcs  a  local  spasm  in  the  risorii  may  occur.     Thus  a  well- 
nourislKMl  young  woman,  not  aniemie,  suffered  front  a  bilateral  spasm 
of  the  middle  nuiseles  of  the  face,  so  that  she  looketl  all  the  time  a^ 
if  smiling,  and  the  upppr  lip  was  stretchetl  tightly  back  across  the 
upper  teeth,  and  this  impeded  her  sjieech,  her  eating,  and  gave  her 
the  appearance  of  laughing  all  the  time,  when  she  ha*!  no  such  desire* 
This  con<iition  came  on  very  suddenly  after  a  gi-eat  mental  shock. 
soon  after  the  tnrtli  of  lier  first  baby,  and  {Dersisted  for  six  nin: 
The  chief  ihscomfort  lay  in  the  great  limitation  of  talking.     'W.^u 
was  no  affection  ot  the  tongue  or  of  the  larj^nx,  but  all  letters  involv- 
ing the  use  of  the  li[>s  wc*re  im|M^rfectly  pronounced,  esj^ecially 
her  attention  was  tlirf^cted  toward  it.     When  her  attention  Wj 
verted  by  an  examination  of  her  eyes  and  throat  the  spasm  relaxai 
and  the  lip  assumeil  it>s  nornnil  appearance,  but  the  moment  sl>e 
began  to  speak,  or  the  moment  that  she  tried  to  smile,  the  sudden 
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contracture  of  the  muscles  resulted  in  a  flattening  of  the  upper  lip 
against  the  teeth,  where  it  was  held  rigid.  She  appeared  to  be  per- 
fectly well  in  every  other  respect;  there  was  a  slight  tendency  to 
divergence  of  the  eyes;  there  had  never  been  any  pain  or  difficulty 
in  chewing.  There  was  no  pain  on  pressure  along  the  fifth  or  seventh 
nerv'es;  there  was  no  apparent  obstruction  in  the  nose  or  throat. 
The  condition  still  persists  in  spite  of  treatment. 


THE  EIGHTH  NERVE:  THE  AUDITOBY  NERVE. 

The  eighth  or  auditory  nerve  consists  of  two  distinct  portions,  the 
cochlear  and  vestibular  nerves,  which,  though  joined  in  the  trunk, 
are  separate  from  one  another  both  in  their  peripheral  termination 
and  in  their  central  nuclei. 

I.  The  cochlear  part  of  the  nerve  is  the  nerve  of  hearing.  Like  all 
nerves  of  special  sense,  it  has  a  special  mechanism  in  the  periphery, 
the  organ  of  Corti,  which  is  a  sort  of  natural  harp,  its  strings  vibrating 
to  different  tones,  each  string  being  in  reality  an  epithelial  cell  con- 
nected with  a  nerv^e  filament  whose  neurone  body  lies  within  the 
cochlea  and  sends  a  central  filament  into  the  auditorj'  nerve.  The 
terminations  of  this  nerve  in  the  nuclei  of  the  medulla  antl  their 
connections  with  the  brain  have  already  been  described.   (Page  458.) 

Deafness.  Deafness  is  usually  due  to  some  disease  within  the  ear 
affecting  the  peripheral  fibres  of  the  ner\T.  But  affections  of  the 
acoustic  nerve  produce  disturbances  of  hearing. 

Deafness  due  to  disease  of  the  cochlear  fibres  of  the  acoustic  nerve 
is  distinguished  from  deafness  in  the  outer  or  middle  ear  by  the  loss 
of  power  of  perceiving  sound  through  the  bones  of  the  head.  In  a 
normal  condition  the  sound  of  the  tuning-fork  can  be  heard  both 
when  held  to  the  ear  and  when  applied  to  the  teeth,  or  forehead,  or 
petrous  portion  of  the  temporal  bone.  The  sound  of  the  tuning-fork 
is  normally  heard  longer  when  the  vibrations  are  conveyed  through 
the  air  than  when  they  are  conveyetl  through  the  bone.  If  there  is 
disease  of  the  middle  ear,  producing  deafness,  the  tuning-fork  is  heard 
through  the  bone,  but  not  when  held  near  to  the  ear.  If  the  deafness 
is  due  to  disease  of  the  auditory  nerv^e  the  tuning-fork  is  no  longer 
heard  when  applied  to  the  bone,  or  is  heard  less  distinctly  than  when 
held  outside  of  the  ear.  In  auditory  nerve  deafness  the  higher 
pitched  sounds  are  less  distinctly  heard  than  low  notes.  This  may 
be  tested  by  the  Galton  whistle.  In  auditory  nerve  deafness  hearing 
is  not  increased  in  a  noise  as  it  is  when  disease  lies  in  the  middle 
ear.  In  auditory  nerv^e  deafness  inflation  of  the  ear  by  Politzer's 
method  does  not  improve  the  hearing. 

In  auditory  nerv-e  deafness  changes  to  the  electrical  reactions  are 
also  present,  which  are  not  found  in  deafness  from  otitis  media. 
These  tests  usually  produce  vertigo,  and  henoe  are  difficult  of  aj)pli- 
cation,  but  in  the  normal  state  the  cathode  closure  produces  a  slight 
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gnun*l  which  Is  distinctly  louder  than  that  caused  by  the  anode  | 
closure.     If  the  auditor^'  nerve  is  tUseasenl  its  reaction  h  clumged, 
Tlie  anode  cloi^u^e  sound  is  greater  than  the  cathodr*  closure^  sound, 
and  tlie  sound  nuiy  Ik*  heard  when  tlie  curreiit  is  broken.     In  the 
majority  of  e^ses  of  audit  or>^  }wr\'e  deafness  the  vestibular  nerve  is  ] 
also  affected  and  vertigo  is  avssociated  with  the  deafness. 

Deafness  from  acoustic  nerve  tUsease  or  <|pgeneration  occurs  occa-j 
sionally  prini:u'i!y.     It  may  be  a  eongenitid  condition  due  to  some! 
defective  tlevelopnient  either  in  the  nerve  or  in  the  organ  of  CorliJ 
under  which  circumstances  the  chiltl  is  never  able  to  hear  and  never  1 
learns  to  sfjeak.     This  is  the  conmion  cause  of  deaf -nnit ism.     It  is] 
an  interesting  fact  that  such  deaf-mut^s  are  not  marie  giddy  by  i 
ordinar\^  metlujds  and  (Uj  not  suffer  from  seasicknes^s.      In  other  | 
cases  an  atrophy  of  the  acoustic  nerve  appears  to  be  cUie  in  a  con- 
genital ilefect  in  its  power  of  nutrition,  ami  deafness  comes  on  in ' 
early  adult  life.     This  is  n  ficeuliarly  hereditary  affection,  many  mem-  ] 
bers  oi  the  same  family  lieing  subject  to  the  disi*a.se.     Thus  1  have 
known  of  one  huge  family  in  wliit^h  it  laus  appeared  through  four. 
generations,  each  generation  having  tiad  several  members  who  *jevel- j 
oped  the  affection.     I  know  auLJther  family  hi  which  four  of  seven 
sons  have  inlierited  the  deafness  of  their  mother,  wlio  had  inheritefl 
her  deafness  frcnn  lier  father.     They  have  several  uncle,s  and  euusina 
who  are  fleaf.     Such  cases  miLst  be  ilue  to  a  defective  \dtality  in  the 
nerve  trunk,  anil  are  to  Ije  regarded  as  jiriniary  auditory*  atrophy. 
tlie  nen'e  dying  before  the  rest  of  the  body,  just  as  the  toeth,  hair, 
antl  genital  organs  dir*  })efore  the  rest  of  the  body.     Syphilis,  either 
hereditary  or  ac(|uirecb  may  cause  acoustic  nerv^  atrophy. 

Deafness  from  acfaistic  atrophy  may  develop  in  the  course  of  loct>- 
motor  ataxia,  of  general  paresis,  and  of  disseminated  sclemeis.  I 
have  also  seen  deafness  frnm  auditory  atro|»hy  develop  in  the  course 
of  tumor's  of  the  brain  lying  upon  the  base  in  such  position  as  to 
involve  the  auditory  nerve.  In  syphilis  of  the  base  of  tlie  brain 
deafneas  occasionally  develops.  Injuries  of  the  hea<i  or  ear  may 
caus(^  deafness.  This  is  usually  attended  by  vertigo  a  nil  is  due  to  i 
hemorrluige  m  the  ear.  Such  lienajrHu'iges  nmy  occm*  s]jontniu*ously 
in  the  infectious  diseases  or  in  states  of  aruemia.  The  use*  of  ((uinine 
may  cause  degeneration  of  the  eighth  nen'e.  A  functiomil  deafmt!* 
occurs  in  hysteria  from  sus|iensioii  tif  ;*ctivity  in  lil>res  of  the  auditon* 
nerve  or  in  its  centres.  This  form  of  deafnc*ss  corner  on  more  sud* 
denly  and  is  more  c<iniplete  than  any  other  tyjie. 

The  prognosis  in  deafness  from  authtory  disejise  is  unfavonil>le, 
though  occasionally  counter-irritation  over  the  petrous  portion  of  tbt* 
trniponil  lionCp  and  treatment  l>y  stryclinine.  is  accompanied  by  s<»mp 
imjsrovement.but  the  nerve  is  not  open  tvi  any  (Kiect  tivatntent,  tuid 
electrical  excitation  is  of  no  benefit.  Hypuilermic  injections  o( 
pilocai*|)ine,  \  grain,  are  said  \o  be  of  some  fler^uce.  Charcot  rccum' 
mended  (juinine,  15  grains  a  day,  t<»  be  kept  U])  some  weeks,  but  the 
majority  nf  aural  surgeons  are  o]ipos**d  to  this  form  of  treatment. 


THE  EIGHTH  NERVE:  THE  AUDITORY  NERVE, 


676 


Tinnitus  Arnium*  Irritation  of  the  aiiditon'  nrrve  in  the  organ 
(^f  tbrti.  or  in  tlie  iniiklle  put,  ot  in  the  course  of  the  nerve,  may  pro- 
duce subjective  sountls  whicli  are  apjireeiated  as  a  ringing  or  roaring 
in  the  ears  or  head,  or  a  luizzing  souirI  supposed  to  be  outside  of  tlie 
ear.  This  usually  inthcates  disease  of  the  organ  of  Corti,  either  of 
the  natiu-e  of  disturbances  in  the  circulation  or  of  a  beginnmg  audi- 
tory atrophy^  anfl  if  it  is  foMowed  by  progressive  deafness  the  diag- 
nosis of  auditory  ;itrophy  niay  iLsually  tx-  made.  In  at  least  80  per 
cent,  of  the  eas(\s  of  tinnitus  anriuin  some  central  deafness  can  be 
detected  by  tests  with  the  Galton  whistle  or  the  tuning-fork,  even  when 
tlie  patient  is  not  aware  that  he  is  deaf.  Tiiniitus  aoriuni  may,  how- 
ever, lie  due  to  anaemia.  Thus^  fainting  is  frequently  preceded  by  a 
sound  in  the  ear.  Gout  is  a  cause  of  this  symptom,  A  clu*onic 
anjeniia  with  reduction  in  the  number  of  red  coqjuscles  may  cause 
tinnitus.  In  these  cases  the  tinnitus  is  probably  due  to  vilirations 
of  tlie  bhiod  current  in  tlie  carotid  artery,  antl  can  be  arrested  tem- 
porarily b}'  pressure  upon  the  carotid  arter^\  Intracranial  aneurism 
causes  a  sound  similar  to  this.  It  is  because  of  this  blood  origin  of 
tinnitus  that  the  symptom  develops  in  states  of  cachexia  and  in 
states  of  general  mahmtrition.  Direct  irritation  of  tlie  auditory 
nerve,  such  as  occurs  in  all  forms  of  otitis  media  and  otitis  externa, 
may  produce  tinnitus,  and  anytliing  which  interferes  with  the  free 
circulation  of  air  in  the  external  auditory  canal,  such  as  covering  the 
€*ar  witli  tiie  liaiid  or  apijlying  a  shell  to  tlie  ear,  will  give  rise  to  a 
perception  of  umisual  sounds.  Some  drugs,  es|x"cially  quinine  and 
the  salicylates,  cause  tinnitus,  and  if  too  longcrintinued* total  deafness. 
In  hemorrhagic  affections  of  the  ear  (Meniere's  {lisease),  where  the 
flisease  lies  in  the  second  or  ve8til>ular  tUvision  of  the  auditor}^  nerve, 
Ixith  tinnitus  and  deafness  are  j>resent.  A  cracking  noise  due  to 
cimtraction  of  the  muscles  near  or  about  the  Eustachian  tulie  is  not 
the  same  as  tinnitus. 

The  treatment  r>f  tinnitus  aurium  is  verj^  imsatisfactory  unless  the 
cause,  such  as  ana-rnia,  or  gout,  <jr  malnutrition,  or  local  dist*ase  in 
tfie  ear,  can  be  removed.  But  wlum  the  tiimitus  is  the  hrst  symptom 
of  an  auditory  atrojihy  no  cure  can  be  exjM^cted  Bromides  are  of 
some  service,  as  are  also  belladonna  and  camxabis  indica. 

IL  The  second  division  of  the  auditor}^  nerve  is  called  the  ves- 
tilnilar  nerve.  It  is  the  nerve  of  equilibrium.  It  arises  from  the 
biiKilar  cells  of  the  ganglion  of  Scarpa,  whose  dendrites  come  from  the 
ampulhe  of  the  semilunar  canals  and  utricle  of  the  lat)yrinth.  The 
axones  of  these  cells  ])ass,  with  the  cochlear  (H vision  of  the  nerve,  to 
the  side  of  t!)e  pons,  wlieri*  tliey  enter  directly  t!ie  lateral  portion  of 
the  jKins  (Fig.  204)  and  terminate  al)0ut  three  groups  of  cells:  tlie 
cells  of  Deiters'  nucleus,  the  cells  of  Ik^chterew's  nucleus,  and  the 
cells  of  the  <^entra!  or  posterior  nucleus  lying  upon  the  floor  of 
the  fourth  ventriele, 

Tlie  cells  of  Deiters  and  Bechterew^s  nuclei  have  numerous  con- 
lections  with  other  parts  *rf  tlif"  central  nen^ous  system,  especially 
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With  the  cerebellum,  with  the  nuclei  of  the  oculomotor  nerves  (si 
fourth,  and  third),  ^\itli  varkuts  nuclei  in  the  tegiiienturii,  and 
with  the  olivary  l>o<lies.  Some  axones  of  Deiters'  cells  pass  downward 
thi'ough  the  formatio  reticularis  to  the  motor  nuclei  of  the  cervical 
nen^es  in  the  spinal  cord,  and  are  probal*ly  conneet<^d  either  flirectly 
or  by  means  f)f  associatit^n  fil)res  with  the  nuclei  of  the  nerves  of  the 
head  and  back.  Its  connection  with  the  cerebellum  is  made  by  fibrts 
which  pass  by  way  of  the  inferior  and  middle  peduncles  of  the  cere- 
bellum to  the  flocculus  and  vermis.  Each  nucleus  is  also  connected 
by  means  of  direct  and  indirect  neurones  with  the  cerebellum  of  the 
opposite  side,  which  it  reaches  through  the  corpus  trapezi*ideus  and 
transverse  fibres  of  th(*  pons.  Tlie  posterior  nucleus  of  the  vestibular 
ner\'e  is  connected  by  direct  tracts  through  the  corjius  trajx^zoideus 
and  fillet  and  through  the  formatio  reticularis  with  the  ujipt^r  iK>rtiiin 
of  the  l)rain  axis,  the  cor[iora  ([Uadrigemina,  cor|)ora  geniculata,  and 
optic  thalami.  It  is  also  connected  with  the  cerebellum  by  tract** 
which  pit^s  with  those  from  Deiters"  nerve.  Tlie  existenc-e  of  a  tract 
to  the  cortex  tfirougli  the  internal  caj)sule  has  not  yet  been  demon- 
strated, antt  no  crrel)ral  centre  or  area  ccrntroHing  e^juilibriuni  ha^ 
been  discovered.  The  weight  of  evidence  in  favor  of  the  cerel^ellum 
as  the  chief  organ  of  et[uilil)rium  is  overwhelming,  and  it  seems  nei'd- 
less  to  suppose  that  a  cerebral  area  will  be  discovered.  It  is  evident. 
therefore,  that  the  semilunar  canals  in  which  impulses  are  rtTeivrii 
whose  object  is  to  makp  us  aware  of  our  jiosition  m  space  and  to 
direct  the  whole  system  of  movements  by  whidi  our  equilibriuni  is 
preserved,  have  a  most  wi^lesfiread  connection  with  the  central 
nervous  system  and  an  esi>ecially  close  connection  with  the  cere- 
l»ellum. 

A  moment's  considerati<*ii  of  the  phenomena  nf  fH|uilibrium  will 
convince  ys  of  the  great  im|M»rtance  and  C(»mplexity  of  the  nervuit'* 
mechanism  controlling  it.  The  body  is  constantly  held  in  a  Htate  of 
balance,  and  no  movement  of  any  degree  can  be  made  in  ar»y  : 
without  a  cfvinpensatory  movement  to  |*rcserve  tlie  ct^ntre  of  gra  . 
The  slightest  variation  in  our  position  which  wouhl  tend  to  the  \o^ 
of  balance  is  imniediately  perceivtHl  and  immediately  correcled. 
Furthermore,  the  balance  is  maintained  by  an  interaction  of  vl**iial 
sensations,  laliyrinthine  impressions,  and  muscular  sc*nsations.  all  of 
which  enter  into  this  function,  :ls  can  be  s<^en  by  the  disturbance  of 
balance  occasioned  by  double  vision,  or  by  labyrinthine  dis€*2ise.  or 
by  a  loss  of  the  nuiscular  sense,  as  in  locomotor  ataxia.  While  con- 
sciousness takes  cognizance  of  this  complex  matter  of  ec[uilit>riunt, 
the  primar>'  centres  which  receive  the  impressions  and  regulate  ih 
activity  that  they  arouse  are  U^cated  in  the  cerelM^llum.  This  is  tiM 
great  organ  of  equilibrium,  and  it  therefoi'e  receives  impre«£tiotts 
directly  from  the  eyes,  fronj  the  semilunar  canals,  and  from  the 
muscles  of  the  limbs.  The  most  important  impulses  in  tlie  presenta- 
tion of  efjuilibrium,  however,  are  d(vriv(Ml  from  the  semilunar  canals 
ttu-ougli  the  vestibular  nerve, and  affections  of  tliis  nerve  are  atteiid«Hl 
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by  very  nuirked  and  \ery  intense  symptoms  of  vertigo.  Wrtigo  may 
t>e  due,  as  is  usually  the  case,  to  affections  of  the  ternynal  organs  in 
tlie  semilunar  canals,  or  tt>  affections  of  the  vestibular  jjortion  of  the 
auditory  nerve  in  its  course  to  the  cerebellum,  or  to  lesions  of  the 
ponSj  or  to  <lisease  of  the  cerebellum.  Disease  of  the  cnira  not 
involving  the  corpora  iiuadrigemina,  or  oi  the  .syjierior  peduncles  of 
the  cereliellunu  through  which  the  (jcular  im]>ulses  reach  the  cere- 
bellum, also  proiluces  vertigo. 

Tertigo  is  a  symjitom  of  unc(Ttainty  tif  position,  attenrled  by  a 
sensation  as  if  the  body  itself  w^^re  being  revolved  in  any  one  of  all 
]>ossihle  directiiins.or  as  if  uljjects  rmtside  of  the  botly  were  turning 
rapidly.  It  causes  balancing  rnovenients,  oscillation  of  the  eyeballs, 
and  staggering  in  the  gait.  It  is  attentled  by  great  uncertainty  and 
distress  of  mind,  the  i)atient  grasping  at  adjacent  objects  for  support 
a8  he  feels  himself  falling,  or  tluTJwing  himself  flat  upon  the  Hoor  and 
clinging  to  anything  in  the  vicinity  for  support.  A  distinction  is 
sometimes  made  clinically  between  the  sensation  of  objects  outside 
of  one's  self  turning,  called  objective  vertigo,  or  of  one's  body  being 
in  a  state  of  revolutitni,  called  subjective  vertigo.  But  this  distinc- 
tion of  sym|)toms  cannot  be  referred  to  any  difTerence  in  ihe  lesion 
in  any  ]>art  ni  tlie  mechunisnL  Vertigo  may  be  proiluced  by  a  rapid 
revolution  of  the  body  or  by  the  passage  of  a  galvanic  ciiiTent  through 
the  head.  It  is  thought  that  hemorrhages  in  or  destruction  of  ihe 
supf*rior  vertical  or  sagittal  semilu!iar  canal  (anterior,  of  Retzius) 
produce  a  sense*  of  revolution  in  the  entire  lx>dy,  as  if  the  head  were 
going  down  and  the  feet  up,  the  head  going  towanl  the  side  of  the 
lesion.  It  is  tliought  that  hemorrhages  in  the  inferior  or  horizontal 
semilunar  canal  (externab  oi  Uetzius)  i)roduces  a  sensation  of  rota- 
tion of  the  body  arcnnul  its  vertical  axis  toward  the  side  affecteib 
It  is  thought  that  a  hemorrhage  in  the  posterior  vertical  or  frontal 
semilunar  canal  {posterior,  of  Retzius)  produces  a  sensation  of 
falling  toward  the  side  of  the  lesion.  But,  inasmuch  as  these  three 
canals  djjen  into  one  another,  further  invpstigaiion  is  necessaiy  in 
order  to  establish  these  assertions. 

Vertigo  is  usually  associated  with  intense  vomiting  and  great  men- 
tal distress.  A  rapid  actif>n  of  the  heart  and  general  relaxation  oi 
the  bloodvessels,  causing  profuse  sweating  atul  a  feeling  of  great 
faintncss,  commonly  atten<l  vertigo.  It  seems  probable  that  any- 
thing which  causes  an  intens(^  irritation  of  the  nuclei  of  the  vestibular 
nerve  produces  a  symijathetic  disturliance  tjf  tlie  pneumogastric 
centre  which  lies  adjacent  to  it.  Conversely,  we  know  that  irritation 
coming  from  tlie  tmeumogastric  nerve  to  the  lirairu  such  as  occurs 
in  gastric  disorders  or  in  heart  disease,  may  produ(*e  a  sf^condary 
vertigo. 

Gastric  vertigo  is  easily  differentiated  from  vertigo  due  to  ves- 
tibular disease  l>y  the  al)sence  of  tinnitus  and  deafness  or  pain  in 
the  can  \Vrtigo  tha'  to  (*erpb<^llar  affection  is  also  rarely  followed 
by  deafness  or  by  pain  in  the  ear. 
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Vertigo  is  such  n  common  s>itiptom  that  it  is  well  to  classify  its 
causes  in  order  to  reach  a  diagnosis. 
T.  Yertipjo  from  affections  of  the  auditory  apparatus. 

1.  Vertigo  from  disease  in  tiie  outer  and  middle  ear.  This  form 
is  moderate,  is  attended  by  some  staggering  or  inahility  to  standi  and 
by  roaring  iu  the  ear  and  deafness.  Any  thsease  of  the  eiir  may 
cause  tins  ty]:e  of  vertigo  in  greater  or  less  degree.  Thus  a  plug  of 
wax  or  any  irritation  in  the  ear  from  sea  water,  j>ieking  the  ear,  or 
boils  in  the  auditory  canal  may  produce  giddiness.  Such  affections 
are  visible.  Any  form  of  otitis  media  is  attended  by  vertigo,  which 
may  be  one  of  the  most  distressing  symptoms.  It  is  attended  by 
pain  in  the  ear,  by  cltanges  in  tlie  appearance  of  tlie  drum  mem- 
brane, aiKl  ev(*ntyally  by  a  discharge  of  pus.  It  is  somewhat  relieved 
by  inflation. 

Treatment  should  be  directed  to  the  ear  dijseaise. 

2.  Wrtigt*  from  disease  of  the  inner  ear — Mettihr\^  diseast\  This 
form  is  very  intense  and  distressing,  begins  with  a  loud  report  in  the 
ear,  is  attended  b}'  prostration,  mability  to  stand  and  pallor,  coldnes® 
and  sweating,  and  vrmiiting,  and  is  always  associated  with  tinnitus 
and  deafness.  There  may  be  nystagnuis,  great  mental  distress,  ami 
a  loss  of  eonsf'inusrjess.  It  may  come  on  suddenly,  and  then  consti- 
tutes the  symptom-complex  named  after  Meniere,  who  first  describe*! 
it.  Mt^ni^re's  <iisease  is  due  to  hemorrliage  in  the  semilunar  canals^ 
and  comes  like  an  apoplectic  stroke,  but  is  not  accomfianied 
or  follnw(*d  by  paralysis.  It  may  come  upon  a  person  in  |j<:*rfect 
dealt ii,  or  it  may  be  preceded  by  ear  disease  or  by  arterio-sclerusis. 
If  the  attack  is  recovered  from  it  is  usually  followed  by  permanent 
deafness  and  by  other  attacks,  and  any  exertion  or  mental  excitement 
may  bring  on  an  attack.  The  patients  dread  such  attacks  and  live 
in  terror  of  them.  The  attacks,  at  first  lasting  a  few  minutes  only^ 
liecoine  more  and  more  frequent  and  severe,  as  a  rule,  and  finally  the 
patient  sulTers  from  constant  dizziness,  becomes  extremely  nervous 
and  apprehensive,  and  dies  in  an  attack.  Occjisionally  the  fii^i 
attack  is  not  followed  Ijy  recurrence  and  all  symptoms  excepting 
deafness  i>ass  off. 

Tlie  treatment  of  vestibular  vertigo  as  a  symptom  is  by  rest  in  bed» 
applications  of  ice-i)acks  to  the  ear  or  blisters  Ix^hind  the  ear,  and  the 
free  use  of  bromide,  chloral,  and  nen-e  seilatives,  or,  in  case  these  fail 
to  relieve,  l>v  hy]>odermic  injections  of  mnr|)hine. 

Voltoliiii  has  descriljed  an  affection  which  he  considers  due  to 
primar}^  inflammation  of  the  labyrinth.  This  is  knoi;\Ti  by  his  name. 
The  disease  occurs  in  children,  but  adults  are  not  exempt.  It  resem- 
bles acute  meningitis.  It  iM.-gins  suddenly  with  high  fever,  geirral 
cerebral  symptoms,  of  which  vertigo  anrl  voriiiting  are  the  mosl 
prominent »  and  consciousness  swrn  l>ec(»mes  ol>scured.  After  a  few 
days  these  symptoms  subside,  but  the  child  still  suffers  from  dizziness, 
staggers  in  walking,  and  is  found  to  Im*  deaf.     The  staggti  d- 

ually  passes  off,  f)Ut  .some  tlegree  of  deafness  rennuns.      1  -im 


found  have  l>een  plastic  (*xudatif>ns  witli  destructive  processrs  in  tlie 
senjiluiiar  ctinal^?.  It  is  praetieiiUy  inii>nssil)lo  tu  ditferentiate  Mt''- 
ni&res  ilisease  from  \'oltolini',s  ilisease  in  the  Oiirly  sta^e,  and  even 
in  the  later  stage  it  is  very  difficult.  In  Meniere's  disease  the  attacks 
of  vertigo  recur.  The  treatment  should  he  by  counter-irritation 
behind  the  ears,  liot  l)aths,  untifelu'ile  remedies,  purgatives,  and 
bromides  in  large  dost*s, 

3.  Wrtigo  from  disease*  in  the  vestil>nlar  nerve  is  attended  by 
symptxmis  t[uite  like  those  in  Meniere's  disease,  but  is  often  accorn- 
panicfl  l»y  forced  movements  or  by  staggering  or  falling  in  some  defi- 
nite direction, 

llnis  in  a  case  of  a  fireman  seen  at  the  Xew  York  Hospital,  who 
by  a  fall  fiad  fractured  the  l>ase  of  his  skull  and  torn  the  left  auditory 
nerve,  the  most  marked  symptoms  during  the  three  liays  jjreeediiig 
his  death  were  an  aljsolute  deafness  in  the  left  ear,  a  constant  agon- 
izing seiisation  of  rotation  of  tlie  IkhIv  in  its  longitutlinal  axis,  and 
consequently  a  constant  turning  of  the  bo<!y  in  the  o{>ptisite  direction 
in  the  endeavor  to  correct  the  subjective  sensation.  Unless  firmly 
held  this  man  constantly  revolved  npon  his  bed,  and  when  held  com- 
j)lainefi  of  the  most  intense  distress.  In  this  case  the  vertigo  was 
attended  l>y  extreme  exhaust  if  *n.  vomiting,  utter  prostration,  ra|>id 
}>ulse,  and  death  from  heart  failure. 

liaymond'  in  liis  lectures  has  described  similar  cases, 

4,  Wi'tigo  is  a  frequent  symptom  in  disease  of  the  pons  \'arolii. 
Tumors  upon  the  base  of  the  l>rain,  syi)hilitic  exudations  or  vascular 
lesions  in  the  [ions,  and  aliscess  or  tumors  in  the  cerel>elliini  com- 
pressing tlie  pons  irritate  or  destroy  the  vestibular  nerve  or  its  nuclei. 
In  the^e  easen  the  vertigo  is  usually  mild  in  Llcgree,  It  is  accom- 
panied by  a  staggering  gait,  tlie  tendency  l)eing  to  stagger  trj  one  side, 
in  the  majority  of  cases,  but  not  invariably,  toward  tli*^  sidr>  of  the 
lesion.  The  existence  of  other  general  symptoms  of  tumor,  alxscess, 
syphilis  of  the  brain,  sclerosis,  f^r  vascular  lesions,  and  tlie  j>resenee 
of  other  cranial  nerve  symptoms  en{il>le  a  diagnosis  to  be  reached. 
Such  a  tiunor  is  shown  in  Fig.  232,  page  5H8, 

II.  Vr^rtigo  from  atTectioiis  of  the  ocular  apparatus. 

Any  sudden  attack  of  diplof}ia  due  to  jjaralysis  of  an  ocular  muscle 
is  liable  to  be  attended  by  vertigo.  Thus  lesions  of  the  third  or  sixth 
nen^e  or  npiithalmoplegia  externa  proiiuce  gi<ldiness  antl  cause  uncer- 
tainty of  gait.  Tliis  form  of  vertigo  is  often  attendetl  by  nystagmus. 
It  ceases  when  the  eyes  are  closed  and  when  the  patient  does  not  use 
the  aflfected  eye. 

III.  Wrtigo  from  affections  of  the  muscular  sense. 

While  staggering  gait  is  a  frecjuent  sym|>tom  in  locomotor  ataxia, 
vertigo  is  less  constant.  It  occurs,  liowever,  with  such  frequency  iis 
to  rec|uire  mention.  Charcot  pointed  out  that  it  develops  in  those 
cases  whos(*  general  sensilnlity  and  nmscular  sense  are  profoundly 

I  Clinlque  des  Maladies  du  Systi^ie  Nerveux,  lUiJO,  IViciiie  ^^ric. 
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affectecL  It  iimy  Ix^  due  in  some  ataxics  to  a  |>riniary  atrophy  of  the 
vestibular  nerve. 

IV,  In  the  three  tyi^es  nf  vertijsjo  thus  far  stu<lied  it  is  evident  that 
the  lesion  interferes  with  the  contluction  to  the  crreU'lhun  i»f  those 
impulses  whicli  are  nn-essary  tn  an  appreciation  of  one\«*  jiosition  in 
space.  Lesions  hi  the  cerebelkiin  itself,  the  organ  of  equihhrium,  arc 
almost  always  atteniletl  by  vertigo.  This  is  jiarticularly  true  of 
lesions  of  the  verniis  or  central  lotje  and  by  lesions  of  the  flocculus, 
the  small  polyj)-like  lobes  on  the  l>ase.  It  is  thought  that  lesions  of 
tite  vermis  in  its  anterior  part  cause  staggering  forward,  and  in  its 
posterior  part,  backward.  Such  staggering  is  due  to  a  sensation  of 
falling  in  the  opposite  direction.  Any  form  of  lesion  may  cause  this 
symfitom,  Imt  it  is  pat*ticularly  constant  in  tumors  of  the  cerel>elluin. 
The  diagnosis  can  be  reached  only  by  ol>serviTig  the  general  signs  of 
cerebellar  disease  in  addition  to  vertigo.  In  congenital  defective 
development  of  the  cerebellum,  vertigo,  nystagmus,  and  staggering 
a|>pear  early.     In  Marie's  disease  tfiey  are  permanent  syniptonus. 

Neurasthenia  and  liysteri:*  oftf^n  produce  vertigo  of  a  milvl  and 
tnmsient  variety,  whicti  is  probably  cerebellar.  The  so-called  **  essen- 
tial vertigo,"  consisting  of  attacks  of  vertigo  with  no  other  symptoms, 
is  probably  a  functional  neurosis  of  the  cerebellum,  and  occurs  in 
attacks  quite  like  epile|itic  attacks,  and  is  usually  to  be  treated  as  a 
form  of  ejiilepsy.  Epileptic  attacks  are  almost  uniformly  preceded 
or  attended  by  vertigo. 

Gertier,  of  Geneva,  has  described  a  peculiar  disease,  which  has  been 
seen  in  Switzerland  and  France,  and  is  known  as  Gertier's  dis€*ase  or 
veriUie  puralymnt.  It  also  occurs  in  Jai)an,  where  it  is  knowTi  as 
kuhisagarl.  It  is  characterized  l)y  a  scenes  of  sudden,  short  attacks 
of  vertigo,  with  ptosis  and  sonmolence,  pain  in  the  neck,  with  par- 
alysis of  tlie  neck  nmscles, allowing  tlie  head  to  fall  forwani,  or  generai 
weakness  or  even  general  paralysis,  with  thickness  of  s|KH*ch  but  do 
loss  of  ronsciuusnr»s,^.  The  attacks  last  a  few  minutes^  recur  every 
few  minutes  for  several  hours,  leaving  the  patient  fatigued  but  ^tII 
in  the  intercal.  They  increase  in  frecjuency  during  the  hot  weather, 
but  cease  in  winter.  The  ilist^iust*  lasts  from  one  to  fivT  months.  In 
the  intervals  tl)e  i>!itients  a|>iM*ar  to  be  in  good  heiilth.  Gertier 
believes  that  extudations  of  marshes  and  staliles  have  something  lo 
do  with  its  occurrence.  He  also  finds  it  more  common  in  Uioe^  who 
work  in  a  bowed  position,  an<l  in  those  who  are  much  fatigued  and 
an/  neurotic  and  emotional.  It  is  observed  in  laborers  on  farms.  It 
hiis  been  seen  in  epidiTiiics  ab«)Ut  (leneva,  but  no  fatal  ca,st*s  Iwive 
been  observed.  In  thecjLses  in  Jajuin,  Miura  found  an  exaggeration 
of  the  knee-jerks.  Dejerine  thinks  that  the  pc»culiar  fit«  to  which 
cats  are  liidrlf  are  of  lliis  same  nature. 

\\  W'rtigo  jnay  occur  tis  a  general  symptom  in  cHsea^e  of  any  kind 
witliin  the  cninium.  It  is  esiKTially  frequent  in  disii\si\s  cjiusing  d 
sudden  cliange  in  intracranial  pres,sure.  Thus  the  effort  of  straining 
at  stool,  lifting  a  heavy  weight,  or  ninning  fjist  may  cause  vertigo. 
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Apoplexy  is  usually  preceded  or  attended  by  vertigo,  and  brain 
tuniors  or  abscesses,  sclerosis  or  syphilis,  no  matter  what  their  loca- 
tion, frequently  cause  vertigo.  It  is  probable  that  in  all  these  con- 
ditions some  irritation  is  set  up  in  the  cerebellum  or  some  defective 
circulatory  condition  is  produced  in  it  sufficient  to  disturb  its  func- 
tion. This  form  of  vertigo  is  not  very  intense  and  never  causes  forced 
movements,  nor  is  it  usually  sufficient  to  cause  unsteadiness  of  gait. 
It  is  often  attended  by  vomiting  and  sometimes  by  convulsions.  It 
is  not  usually  associated  with  deafness.  It  is  not  relieved  by  lying 
down.  It  is  worse  on  waking  after  sleep.  It  may  be  relieved  by  hot 
baths. 

VI.  Vertigo  may  also  be  due  to  irritation  in  the  cerebral  centres 
produced  by  conditions  of  the  blood.  Thus  certain  toxic  agents, 
alcohol,  nicotine,  coffee,  opium,  quinine,  the  salicylates,  the  coal-tar 
products,  and  many  other  drugs,  cause  vertigo.  Vertigo  is  an  early 
symptom  in  auto-intoxication  from  stomach  or  intestinal  fermenta- 
tion and  in  the  early  stage  of  almost  all  infectious  diseases;  gout, 
uraemia,  and  diabetes  may  produce  vertigo. 

VII.  Vertigo  may  be  due  to  antemia  of  the  brain  from  heart  failure, 
chronic  valvular  disease,  particularly  aortic  obstruction,  and  mitral 
regurgitation,  and  from  arterio-sclerosis.  It  attends  a  fainting  fit 
and  severe  hemorrhage.  It  is  also  produced  by  venous  congestion 
of  the  brain,  as  after  violent  exertion,  straining  at  stool,  or  Hfting 
heavy  weights. 

VIII.  There  are  some  forms  of  vertigo  which  are  reflex  in  origin. 
These  are  so-called  stomach  vertigo  and  laryngeal  vertigo.  The 
nuclei  of  the  vagus  nerve  lie  close  to  that  of  the  vestibular  nerve. 
Any  irritation  reaching  one  may  easily  extend  to  the  other  or  be 
conveyed  to  the  other  by  association  fibres;  hence  vertigo  and 
vomiting  are  commonly  associated  symptoms.  Stomach  vertigo  is 
a  form  of  vertigo  occurring  in  sudden  attacks  associated  with  belching 
of  gas,  or  raising  of  acid  fluid,  with  pain  in  the  stomach  and  with 
various  symptoms  of  dyspepsia,  and  relieved  by  vomiting.  It  may 
attend  any  ingestion  of  food  or  it  may  follow  a  meal  after  two  or 
three  hours.  It  is  not  infrequently  a  symptom  in  dilatation  of  the 
stomach,  but  rarely  in  organic  disease  such  as  ulcer  or  cancer.  It  is 
more  frequent  in  patients  who  are  ancTmic,  poorly  nourished,  or 
neurasthenic.  It  not  unconmionly  develops  in  old  persons.  It 
usually  yields  promptly  to  treatment  directed  to  the  stomach.  Large 
doses  of  bicarbonate  of  soda,  bismuth,  or  salol  relievo  it  at  once, 
especially  if  taken  in  hot  water;  and  care  in  the  diet,  with  proper  treat- 
ment for  indigestion,  prevents  a  recurrence  of  attacks. 

Laryngeal  vertigo  is  a  symptom  occurring  usually  in  the  course  of 
tabes,  especially  when  other  laryngeal  symptoms  have  been  present. 
It  occurs  in  a  sudden  attack,  with  cough,  sense  of  suffocation,  dysp- 
ncea,  and  feeling  of  strangling.  It  lasts  only  a  few  moments,  but  may 
recur  several  times.  It  may  be  so  intense  as  to  cause  asphyxia  and 
loss  of  consciousness,  and  it  has  been  fatal  in  some  cas(»s. 
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Nasal  vertigo  niay  also  be  nipntioned,  though  the  n^flex  irritation 
here  arises  in  the  fiftli  nerve.  It  oecuris  hi  cases  of  [>ulyps  and 
obstructive  mucous  thickening  in  the  nose,  and  is  relieved  by  the 
removal  of  the  original  disease. 

Other  diseases  supposed  to  excite  vertigo  by  reflex  irritation  are 
uterine  and  ovarian  affect ioas. 

IX.  Psychk^al  distvirbances  sometimes  produce  vertigo.  The  dizzi- 
ness one  feels  when  on  a  iieiglit  is  an  example;  and  as  any  mental 
experience  may  be  revived  in  memory  with  an  intensity  equal  to  its 
percejition,  hallucinatory  vertigo  is  a  common  symptom.  It  occurs 
io  many  cases  of  neurasthenia  and  hysteria,  in  hypochondria,  arul  in 
traumatic  neuroses.  This  form  of  vertigo  is  rarely  attended  by 
staggering:  it  belongs  to  a  class  of  sym]>toms  known  as  phobias  or 
morliid  fears,  the  fear  of  falling  \w\ug  often  attended  by  vertigo. 
In  stich  cases  suggestion  is  of  great  ust^  in  treatment.  Ttms  in  one  case 
so  severe  as  to  keep  the  |>;itieiii  in  bed  a  cure  was  produced  by 
convincing  her  that  if  lier  head  wiis  held  steady  she  would  feel  no 
dizziness.  The  head  was  held  at  first  by  the  hands,  later  by  a  firm 
head  splint  attached  to  the  back,  and  after  two  or  three  days  the 
symptom  disapjieared. 

THE  HINTH  NEE VI:  THl  aLOSSOPHARYNGEAL  NERVE. 


This  is  a  mixed  nerve  containing  both  sensory  an<l  Uiotor  libre:^. 
Its  sensory  branches  come  from  the  tongue,  larynx,  and  respiratory 
organs  antl  middle  ear.  It  is  the  nerve  of  connnon  sensibility  of  the 
pharynx  and  palate  and  of  the  middle  ear.  It  is  thought  that  it 
conveys  the  sensations  of  taste  from  the  posterior  third  of  the 
tongue,  those  from  the  anterior  two-thirds  fiassing  in  through  the 
lingual  nerve.  Hut  as  division  of  the  root  of  the  trigeniinid  nerve 
hfis  caused  a  total  loss  of  taste  in  some  patients,  there  is  some  doubt 
as  to  this  function.  {See  page  659.)  The  ganglia  of  origin  are  the 
ganglion  jugulare  on  the  glossopharyngeal  nerve  and  the  two  ganglia 
on  the  vagus  nerve.  (Plate  XXVI.)  The  sensory  fibres  enter  the 
side  of  the  medulla  just  outside  of  the  upper  part  of  the  olivary 
body,  and  terminate  partly  in  the  gray  matter  on  the  floor  of  the 
fcjurth  ventricle  and  partly  in  a  thin  colunm  of  gray  matter  like  the 
substantia  gelatinosa,  lying  along  the  insicle  uf  (lie  solitary  t>undle  in 
the  formatio  reticularis.  The  sensory  fibres  on  entering  the  medulla 
form  a  part  of  this  bundle  with  other  sensory  fibres  of  the  vagus 
nerve  and  turn  dow-nward,  passing  as  low"  as  the  upper  cervical  sejt- 
men!  of  the  si>inal  cord.  The  solitary  bundle  is  therefore  similar  in 
its  structure  to  the  descending  root  of  the  fifth  nerve.  It  has  also 
been  callcfl  the  resjiiratory  bundle  of  Kraust^,  as  its  division  susp«m<ls 
respirator}'  motions.  Its  fibres  end  in  tuft,s  which  lie  in  the  sul>- 
stantia  gelatinosa  wiiich  bordei's  its  inner  surface.  From  the  celk  of 
this  substance  new*  fibres  arise  which  ent^T  the  format i<i  reticularis 
and  the  lemniscus,  and  so  ascend  to  the  brain;  but  their  terniinatioti 


PLATE  XXVI. 


XI    NERVEK 

C  PARS  SPINALIS 


PNEUMOGASTRIC     ^        ^  ^. 

«0  Off  ta  Bl/ftOLES^j^a^     ^    ^yj 
PARS  ACCESS0RIA,,^^__^  J^3[^gi, 


GLOSSOPHARYNGEAL 


AURIC ULAir  BRANCH 


RECURRENT  LARYNGEAL 
THORACIC  CARDIAC 


UiAmrmiMAl 


yttdtAL 


RIGHT  VAGUS 
BEHIND 

LEFT  VAGUS 

to  hepatic 
Plexus 


RIGHT  VAGUS 

TO  CCELEAC, 

SPLENIC  AND  LEFT 

RENAL  PLEXUSES 

Distribution  of  Right  Pneumogastric  Nerve.    (W.  Keiller.) 
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in  the  cortex  lias  not  yet  been  ai?oertainetL  (See  Fig.  181,  5; 
piige  445.) 

The  motor  branches  of  the  glossopharyngeal  nt^rve  arise  from  a 
colunm  of  cells  known  qs  the  nucleus  amfngmis.  which  lies  in  the 
lateral  pari  of  the  formatio  reticularis,  (Fi^.  LSI,  6,)  They  curve 
upward,  iuwani,  and  backwartl,  then  outward,  formiiit^  a  knee  like 
that  of  the  facial  nerve.  They  issue  from  the  side  of  the  medulla 
posterior  to  the  olivary  body  and  piiss  out  of  the  skull  through  I  he 
jugular  foramen.  They  go  to  tlie  nuiseles  of  the  larynx,  a'so|)[uigus, 
and  pharynx,  .and  jireside  over  the  functions  of  res|/iration,  swallow- 
ing, and  phofialion,    (See  also  Fig.  198,  page  475,) 

The  origins  of  both  the  motor  and  sensory  fibres  of  the  glosso- 
Ijhar^^egeal  ner\'e  are  so  intimately  mingled  witli  thos*^  of  ttie  vagus 
nen^e  that  separation  between  them  is  impossii>Ie.  The  following 
table  of  Spencer  shows  the  prohahle  functions  of  the.se  two  nerves: 


The  DtBTHiatTTioN  of  the  Ninth,  Tenth,  anjj  Eleventh  Nerves. 


tTpper  root"*  ninth  nenri?. 


Middle  roots,  lentil  nerve. 

Lower  root*,  tenlb  nerve. 

accessory  eleventh  nerve, 
Si>1da1  mcceasoTf  eleventh 

nerve,  spina!  part. 


Ajferrnt. 
ReKpinLtonn'  regulating  fibres  i 

re»pirttlory  exciting  fibres; 

(Insplmtion)  inferior  laryiigeAK 
Renpiratory  inhibitory  fibres; 

(exptrHtlonl  bronchiat. 
None. 

Notic. 


Kftrmt. 
Cricothyroid,     stjlopharyngeal, 

OBSopbagtis.  pharyngeal  con- 

tractore. 
(iaAtric  branches,  bronchial 

ninsclefi. 
Inferior   larj-ugeal,  oirdlac    In- 

hlbilor>'.  levator  palatl. 
Sternomastoid,  trapeziujt. 
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This,  like  the  nintli  nerve,  contaiiL^  lioth  sensory  urul  inutor  fibres. 
Its  sensory  bnmehes  eonie  from  two  ganglia  on  its  trunk,  of  which 
the  upper  ganglion  is  large,  oval»  and  resembles  the  posterior  spinal 
ganglia,  and  the  other  is  long  and  irregular,  the  cells  being  scattered 
among  the  fif>resof  theiitTve.  (Plate  XX\'L)  These  stmsory  fibres 
enter  tlie  sitle  of  the  medulla  outside  of  the  olivary  bodies  and  pass 
in  several  directions.  Some  go  inward  ami  backward  to  terminate 
in  a  mass  of  gray  matter  which  lies  on  tlie  fto^^r  of  the  ventricle 
laterad  of  the  twelfth  nerve  nucleus  in  the  medulla  ami  dorsad  of  it 
in  the  upper  eorcl,  a  mass  which  projects  upon  the  floor  ut"  ttie  fourth 
ventricle  forming  the  ala  cinerea.  This  is  the  respiratory  and  cardiac 
centre.  Others  join  the  ninth  nerve  fibres  and  enter  the  solitary 
bundle,  descending  in  it  anrl  ending  in  the  sulistantiagelatinosa  which 
borders  it  on  its  inn(*r  side.  F>oin  these  nuclei  new  fibres  arisi^  which 
enter  the  formatio  reticularis  and  ascend  to  tlie  lirain,  I  ait  their  course 
and  termination  is  yet  undetermined. 

The  motor  branches  of  the  vagus  arise  from  the  cells  of  the  nucleus 
ambiguus,  turn  inward,  curve  about  in  the  formatio  reticularis,  and 
then  turn  outward  and  make  their  exit  on  the  side  of  the  niedulla, 
w^here  they  form  the  great  trunk  of  the  vagus  nerve. 
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The  destination  of  sonu^  of  these  sonsory  and  motor  fibres  haa 
already  b<*en  shown  in  the  table,  page  6S»i. 

There  are  also  fibres  which  pass  to  the  meningeal  branches  of  the 
fifth,  to  the  aurieular  branches  of  the  seventh,  and  to  the  carotid  and 
abdominal  plexuses  of  the  sympathetic  system- 
While  it  might  be  supposed  from  the  anatomical  distribution  that 
a  lesion  of  the  glossopharyngeal  nerve  would  cause  anaesthesia  and 
paralysis  of  the  pharynx  and  larynx  and  difficulty  in  swallowing^ 
there  are  no  cases  on  record  of  lesion  of  this  nerve  trunk. 

In  bulbar  paralysis  the  nuclei  of  the  nerve  are  affected,  and  paralysis 
of  the  reso|)hagus  and  of  the  pharynx  and  larynx  are  the  result; 
but  here^  too,  it  is  not  possible  to  distinguish  sharply  between  symf)- 
toms  due  to  lesion  of  the  ninth  and  tenth  nerves. 

The  great  length  of  tlie  vagus  nerve  expases  it  to  niany  injuries 
and  to  compression  by  tumors  at  any  j^oint  in  its  course.  Acute 
neuritis  of  the  vagus  from  cold  or  rheumatism  is  not  known  to  occur. 
Certain  poisons,  es]jecially  that  nf  tjiphthcriay  and  alcoliol  and  certain 
drugs,  atropine,  v(Tatruin,  aconite,  and  digitalis,  etc.,  appear  to  have 
a  si)ecial  seleeti\'e  action  upon  the  ner\'e  and  may  produce  symptoms 
referable  to  it.  While  the  distribution  of  the  nerve  to  the  heart, 
kmgs,  and  viscera  is  a  very  wide  one,  we  know  but  little  regarding 
the  symptoms  actually  produced  by  its  lesion.  The  nerve  is  a  bilat- 
eral one  in  its  action,  and  in  nmny  cases  where  it  has  been  di\H<led  by 
stab  wounds,  or  in  the  course  of  surgical  ojierations  upon  the  neck, 
very  few  symptoms  have  ensued,  though  experiments  u}>on  animals 
would  indicate  that  a  division  nf  the  left  nerve  should  be  attendeil  by 
a  very  rapid  heart  aetion  anrl  t)v  a  slowing  of  respiration.  This  lias 
oecasionally  occurred  when  surgeons  have  included  the  vagus  in  tying 
the  left  carotid  artery.  The  branches  of  the  nerve  wdnch  pass  to  the 
larynx  arul  sup|ily  all  t!ie  nuiscles  of  the  larynx  are  ina^t  important, 
an<l  their  injury  gives  rise  uniformly  to  very  marked  symptoms. 
These  symptoms  have  been  carefully  studied  by  Gowen?,  wliose  talifc 
is  so  complete  that  it  is  here  rejirodueed. 


Sjfmptom*. 
No  voice ;  do  cough ;  stridor  on 
deep  Insplmtlon  only. 

Voice  low- pitched  and  honrro; 
uo  cough ;  slrldor  nbicnt  or 
gttght  on  deep  breath ing. 

Voice  lit  fie  chAHRCd  ;  cough  nor- 
nuki ;  Itisplnition  difllcult  and 
long,  with  luUfd  stridor. 

Symptoms  InconclitilVG  ;  Ilttte 
nfflBctloQ  orTolce  or  cough, 

Ko  voire,  perfect  cough ;  uo  iirl- 
dor  or  dyspnask 


Siffju, 
Both  cords  modemtely  abducted 
and  luolionlcaa. 

One  cord  mftderiLtely  abducted 
ind  motion lesA ;  the  other  tiof' 
mHl  or  even  beyond  the  middle 
line  In  phouation. 

Both  cords  near  together,  and 
during  Inspimllon  not  sepa- 
rated but  even  drawn  nearer 
together. 

One  cord  near  the  middle  Une^ 
not  moving  during  Inifil ration: 
the  other  normal 

Cords  norniai  \u  |)08iUon,  and 
moWng  normally  lu  re* fil ra- 
tion, hut  not  brought  together 
nn  an  attempt  at  pbonatlttn. 


Lttiams. 
Total  bUattttml  pthf^ 

Tolat  utillaterml 


Total  abdo(Ttor  jmim 


Unflaieiml 
Addueior  pitliy. 


I 


I 
I 
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It  will  be  remembered  that  the  recurrent  laryngeal  nerve  in  its 
long  course  around  the  aorta  is  frequently  compressed  by  aneurisms, 
and  the  result  of  such  compression  is  usually  paralysis  of  the  vocal 
cord  on  one  side,  with  whispering  voice  and  difficulty  of  respiration. 
The  abductors  of  the  glottis  being  paralyzed,  the  opening  of  the 
glottis  is  not  sufficient  during  the  act  of  respiration,  and  hence  a 
whistling  sound  or  wheeze  and  a  sense  of  suffocation  results.  In  a 
few  cases  of  injury  of  the  vagus  in  this  part  of  the  neck  some  anaes- 
thesia of  the  throat  back  of  the  palate  has  been  observed,  together 
with  disturbance  in  the  act  of  swallowing.  The  reflex  act  of  swallow- 
ing from  irritation  of  the  pharynx  is  also  suspended  in  these 
cases. 

An  occasional  paralysis  of  the  vagus  nerve  occurs  as  a  complication 
of  locomotor  ataxia,  and  spasm  of  the  larynx  with  suffocation  may 
also  occur  in  this  disease. 

The  diagnosis  of  vagus  paralysis  can  be  made  when  the  recurrent 
branches  of  the  nerve  are  affected  and  disturbances  in  respiration  and 
in  the  voice  develop,  or  when  there  is  a  distinct  anaesthesia  of  the 
pharynx,  with  difficulty  of  swallowing,  not  due  to  paralysis  of  the 
palate  or  to  paralysis  of  the  tongue.  Rapidity  of  the  heart  is  not 
a  sufficient  sign  to  warrant  a  diagnosis,  and  there  are  no  lung,  gastric, 
or  visceral  symptoms  that  are  characteristic  of  the  disease,  the 
majority  of  the  statements  made  in  the  books  being  purely  theoretical 
and  not  based  upon  clinical  facts  or  pathological  findings. 

In  the  course  of  bulbar  paralysis  the  nuclei  of  the  ninth  and  tenth 
nerves  become  involved  and  undergo  degeneration.  This  is  indi- 
cated clinically  by  the  development  of  respiratory  and  laryngeal 
palsy  and  by  a  very  rapid  heart  action.  These  may  lead  to  a  fatal 
result.  The  occurrence  of  hemorrhage  or  of  embolism  in  the  medulla 
involving  the  vagus  nuclei  is  the  cause  of  sudden  death  in  some  cases 
of  apoplexy.  The  vagus  nucleus  when  disturbed  in  its  function  can 
no  longer  secure  normal  breathing  or  heart  action,  hence  Cheyne- 
Stokes  respiration  and  intermittent  or  very  rapid  heart  action  are 
supposed  to  be  symptoms  referable  to  its  functional  disturbance. 
Vomiting  is  also  supposed  to  be  due  to  its  irritation.  This  form  of 
vomiting  is  sudden,  explosive,  not  preceded  by  nausea  and  is  very 
violent,  and  is  attended  by  great  prostration.  It  occurs  occasionally 
in  tumors  or  abscess  of  the  brain  in  any  location  and  also  in  menin- 
gitis of  the  base. 

The  vagus  nerve  is  often  involved  in  the  course  of  multiple  neuritis 
due  to  any  of  the  numerous  causes  which  produce  that  disease.  The 
signs  of  its  implication  are  rapid  pulse,  general  vasomotor  paralysis, 
shown  by  cyanosis,  crdema,  profuse  sweating,  and  respiratory  par- 
alysis, causing  irregular,  labored  breathing.  Under  these  conditions, 
which  are  of  a  very  unfavorable  prognostic  importance,  stimulation 
by  alcohol,  strychnine,  and  digitalis,  and  by  nitroglycerin  are 
imperative.     (See  page  112.) 

Spasm  of  the  oesophagus  is  not  to  be  considered  as  an  evidence  of 
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affection  of  llie  ninth  nerve,  but  is  a  functional  nervous  disea^ 
usuiilly  liysterieiil  in  tvrigin  or  due  to  organic  disease  of  the  a-soph- 
agus, 

THE  ELE¥£NTH  NEETE:    THE  SPINAL  AOOESSORT  KEEVK 


Paralysis  of  the  Accessorius.  The  eleventh  nerve  arises  from  a 
long  coknnn  of  cells  wtiich  lie  m  tlie  lateral  part  of  the  anterior  horn 
in  the  uf)per  five  cervical  segments  of  the  spina!  corcL  The  roots 
issue  from  the  lateral  surface  of  the  cord  and  ascend  to  the  brain, 
where  they  receive  further  fibres  from  the  lateral  portion  of  the 
medulla,  tlie  accessory  portion,  which  really  is  inde|x*ndent  of  the 
nerve  an<l  l>elongs  to  the  vagus,  and  then  make  their  exit  from  the 
skull  through  the  jugular  foramen.  It  is  rarely  injured  by  disea^ 
within  the  spinal  canal  nr  skull^  tliough  fractures  and  injuries  may 
affect  it.  The  usual  cause  of  paralysis  of  the  spinal  accessor}'  is  colcl, 
injury,  or  iiressure  by  tumors,  swollen  glands,  or  abscess  in  the  neck. 
I  have  seen  the  condition  in  a  young  girl  due  to  accidental  division 
of  the  !ierve  when  deep-lying  glands  were  remov^efl  from  the  neck, 

Symptoms.  The  syiriptoms  of  paralysis  of  the  spinal  aecess4>ry 
nerve  are  jjaralysis  of  t!ie  sterno-cleido-mastoid  muscle  and  of  tlie 

trai^H'zius  naiscle.     The  sterno- 
^*"'  '^-  cleido-niastoid  turns  the  head 

and  elevates  the  chin,  so  that 
when  the  right  muscle  con- 
tracts the  patient  looks  over  I 
left  slioulder.  The  trafx^ziL 
turns  the  head  backward  and 
over  toward  the  shoulder  jinJ 
also  elevates  the  shoulder. 
Other  muscles  act  in  association 
with  these  two  muscles,  and 
hence  a  lesion  of  the  spinal  ac- 
cessory nerve  causing  a  par- 
alysis of  these*  muscles  is  not 
ap]jarent  until  the  patient  i$ 
examined:  then  it  is  found  thai« 
the  motions  which  they  aecom!l 
f^lish  are  not  done  with  the! 
amount  of  power,  and  a 
amount  of  resistance  n^nders 
the  patient  incapable  of  turn- 
ing the  head  or  of  elevating  tlu 
shoulder.  The  greatest  defer 
lies  in  the  elevation  of  the  arm  above  the  horizontal  lin«*;  the 
pezius  counteracts  the  action  of  the  serratus,  and  if  it  is  paralyzed 
the  serratus  rotates  the  scapula  in  such  a  manner  as  to  produce  a 
slight  elevation  upon  the  side  of  the  neck  by  the  projection  upward 


PKm1>^b  of  tbc  right  Bjilual  ni-jccsuiMiry  tiurve. 
The  inner  utigle  uf  the  ncapulu  project*  upward  on 
I  he  neck  and  ttie  s  boulder-blade  project*  unduly. 
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it8  inner  angle.  Fig,  266  tlpmonstrates  this  action,  and  shows 
that  yiitli^r  thf'se  rirrninstanees  tlie  mechanisjii  of  iiioveiiient  in  the 
shoulder  will  be  seriously  hampered.  W  hen  thf'  patient  brings  his 
arm  forward  and  outward  the  edge  of  the  shoukler-blado  is  no  longer 
held  tightly  to  the  chest,  and  hence  projects  u|>on  the  back.     Fig. 

^266  shtm^  this  defonuity, 

■  The  (hagnosis  is  made  Ijy  the  discovery  of  the  weakness  of  the 
musck\s,  of  the  ini|M'rfect  ek*vation  of  the  arm,  of  the  clefonnit3%  and 

•  of  the  existence  of  reaction  (jf  degeneration  to  tiie  electrical  exami- 
nation. 

The  j>rognosis  will  depend  upon  the  possibility  of  removal  of  the 

causc\  and  the  treatment  is  by  massage  and  electricity.     In  cases 

B  which  do  not  recover  it  may  be  possible  by  appropriate  apparatus  to 

^  produce  a  fixation  of  the  shoulder-blade  in  its  proper  position,  and 

thus  aid  in  the  movement  of  tlie  arm. 
^  Torticollis:  Wryneck,  Congenital  lesions  of  the  eleventh  nerve 
Wdue  to  defects  of  development  ov  injuries  at  the  time  of  birth  some- 
times resuU  in  a  defective  development  of  the  sterno-cleiflo-niastoid 
■  muscle,  which  fails  to  grow  in  proportion  to  the  other  muscles,  and 
hence  becomes  permanently  shortened.  In  these  cases  as  the  child 
grows  the  head  is  slowly  turned  away  from  die  affected  side,  the 

I  chin  approaching  the  shoulder,  and  it  cannot  be  turned  straight  or 
to  the  opposite  side  on  account  of  the  |:>ermanent  shortening  of  the 
affected  muscle.  In  such  a  condition  there  is  no  spasmodic  contrac- 
feon  of  tiie  muscle  and  no  twitching  of  the  head,  but  the  lesion  is  a 
wryneck  fixed  and  [lermanent.     Tliis  condition  is  eav<ily  remedied  by 

»a  division  of  the  tendons  of  the  sternomastoid  muscle,  when  the  other 
Tiiusctes  secure  a  proi>er  position  and  proper  movement  of  the  head. 
S|>asmodic  torticollis  is  a  spasrnotlic  contraction  of  any  or  all  of 
tlie  muscles  moving  the  head  upon  the  trunk,  l>ut  is  considered  here 
because  of  the  frequency  with  which  the  muscles  supplied  by  the 

■  eleventh  nervT^  are  affectecL  It  consists  of  a  ([uick,  sharti  contraction 
of  the  sternomastoid  or  of  the  trapezius  riiuscles,  causing  a  sharp, 
quick  turning  of  the  head  toward  one  si(k%  as  if  the  jiatient  were 
looking  over  his  slioulder.  In  some  cases  tliis  contraction  is  so  sud- 
Hden  as  to  cause  an  almost  lightning-iike  twitch  of  the  head.  In  other 
^  cases  the  contraction  is  slower  when  the  head  is  turned  slowly,  but 
none  the  less  firmly  to  the  side.  Twitehing  occurs  at  intervals,  may 
take  Init  a  secnnd,  and  l)e  succtn^led  by  many  other  twitchings,  so 

»that  the  head  turns  eiglit  or  ten  times  in  a  minute,  or  it  may  be  nmch 
Blower,  and  then  the  heail  is  frequently  held  for  a  minute  or  more  in 
a  fixeti  position.  As  soon  as  a  relaxation  of  the  muscle  occurs  the 
patient  voluntarily  turns  tlie  head  back,  only  to  hnd  it  jerked  about 
again  with  nmch  force  and  persistency.  As  time  goes  on  in  this 
alTection  the  twitchings  become  more  severe  and  either  more  rapid 
or  more  prolonged  in  duration.  The  latter  is  very  common,  so  that 
thest^  Iiatieids  after  a  lina*  find  tlu^  head  |iermanently  fixed  in  the 
abnormal  position,  tliough  the  occasional  relaxation  of  the  spa^m 
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allows  them  to  turn  the  head  back  occasionally.     The  usual  form  of 
torticollis  is  the  one  in  whieh  the  sternoniastoid  muscle  alone,  or  the 
vipper  fibiTs  of  the  tra]>ezius  alouPj  or  these  two  muscles  together  are 
affected.     If  the  sternornastoid  alone  is  involved  the  chin  is  elevated 
and  drawn  towartl  the  opposite  shoulder.     If  the  trapezius  alone  is 
involved  the  chin  is  elevated  to  a  greater  degree  and  the  head  is 
thrown  Imckward.     If  both  muscles  act  together  the  entire   head 
is  turned  over  toward  the  affected  side  and  rotated  with  the  chin 
toward  the  opj>osite  slioulder.     The  affection  is  liable  to  l>e  of  long 
duration,  the  spasm  continuing  for  many  weeks,  with  varying  degrees 
of  intensity.  It  usually  relaxes  during  sleep.   It  may  t>e  pro<luce<i  by 
any  voluntary  effort,  especially  the  acts  of  rea<fiiig  or  looking  fixedly 
at  any  object  which  involves  the  voluntary  fixation  of  the  head  or 
eyes.     Patients  usually  find  that  there  is  some  point  upon  the  neck 
or  head,  pressure  upon  which  will  temporarily  arrest  the  spasnuand 
they  are  inclined  to  pi'oduee  ]jressure  upon  this  point  eitlier  l>v  Resting 
tlie  liead  ui>on  the  back  of  the  ehair  or  lying  with  the  support  of  a 
pillow  or  compressing  this  point  by  the  hand.     For  one  ])atient  who 
had  a  serious  form  of  spasuKHlic  torticollis  which  faiterl  to  resfKind 
to  any  treatment  I  devi.st^d  a  mechanical  apj^aratus  containing  a  lever 
which  pnshi^d  a  pad  against  the  lower  part  c^f  the  occiput  upon  the 
left  side,  which  pad  could  be  made  to  press  mi>re  firmly  by  a  mo\T- 
meat  of  adduction  of  his  arm,  un*\  this  apparatus  was  w^orn  for  nmiiy 
nmnths  with  great  relief.     The  spasm  is  not,  as  a  rule,  arcoinpanie<I 
by  any  pain  or  by  any  sensory  disturfiances,  though  the  museles  may 
become  wearieil  by  thcMr  constant  contraction  and  may  feel  tired  :u»d 
stiff.     Occasionally  there  is  acute  neuralgia  in  the  back  of  the  iu>ck 
or  in  the  occipital  nerve.    The  act  of  walking  or  talking  may  inten- 
sify the  spasm,  and  any  attempt  at  effort  of  the  arms  occasionally  is 
attended  by  an  inereas*'  in  tlie  contnictitins.     Tliu>;  one  patient  at 
present  under  my  ol>servation  is  |)re vented  from  writing  by  the 
occurrence  of  the  spasm.     The  muscles  that  are  affected  may  Ix^  seen 
and  felt  to  contract,  but  show  no  changes  to  the  electrical  reaetiott 
The  spasm  may  extend  from  the  sternornastoid  and   trapexiu.^ 
nuiscles  to  any  or  all  of  the  deet>er  muscles  moving  the  head.     Tlw 
splenius  is  alTt^cted  in  numy  eases,  and  in  a  few  eases  the  deejier 
muscles  of  the  Imck  of  the  neck  are  all  involved  in  tlie  si>asnK    Utuler 
these  circumstances  it  is  not  unusual  for  the  spasm  to  ext**nd  to  th<» 
opposite  side  or  to  affect  the  superficial  nmscles  on  one  side  and  th^ 
deeiHPT  muscles  on  the  other,  which  act  conjointly  in  turning  the  he*ad, 
SjTnmetrical  muscles  are  rarely  affected.     If  they  are  they  usuallr 
act  in  harmony,  pn»ducing  a  throwing  of  the  head  forwanl  upon  the 
chest  or  a  turning  of  it  backward  and  an  elevation  of  the  chin, 
Somettnies  in  seritjys  easi's  of  kaig  duration  tlie  spasm  extends  to 
the  nmscles  moving  the  shoulder,  the  rhomboids,  the  levator  ai'.!!'i!i 
Bcapulfp,  or  the  serratus  or  pectorals;  and  in  these  cases  movei 
of  the  arm  are  frer|uently  associated  with  those  of  the  ht»ad,     i^-* 
Fig,  267 J     The  arm  may  Im»  adducted  and  Hexed,  wTist  and  fiiifers 
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flexetl,  or  it  may  lx»  thrown  backward  liehind  the  body.  Ofcasionally 
these  spasms  become  so  intense  thai  the  muscles  of  the  back  are  also 
implicated,  and  the  patient  is  no  lonj^er  able  to  walk  in  an  upright 
position  antl  even  while  lying  down  is  ilrawn  around  to  one  side,  the 
curve  of  the  spine  being  convex  towarrl  the  unaffeeted  siile.  This  I 
have  seen  in  one  chroriie  case  which  lasted  for  five  years  and  resisted 
all  forms  of  treatment  inchaling  division  of  the  eleventh  nerve.  In 
cases  where  the  head  is  thrown  backward  by  contraction  of  the 
trapc^zii  there  is  an  associated  movement  of  the  frontalis  nmscle,  and 
then  the  patient  not  only  elevates  the  chin  but  has  the  appearance 
of  looking  upward  forcibly,  the 
eyebrows  lieing  rais*»d.  As  time 
goes  on  the  muscles  that  are 
affected  increase*  in  size  on  ac- 
count of  their  constant  exereisfs 
so  that  the  neck  becomes  i.>er- 
eeptibly  larger, 

Tlie  course  of  the  disease  is 
a  chronic  one.  The  spasm  be- 
gins in  slight  degree,  increases 
in  intensity,  in  frequency  of 
attack  and  in  duration  of 
attack,  so  that  within  three 
months  of  the  onsf*i  the  pa- 
tient s  life  becomes  a  burden 
and  all  occutmtion  has  to  bt* 
almndonech  In  a  few  cases 
after  a  jx^riod  of  two  or  three 
months  the  spasms  gradually 
diminish  in  frefjuency  arid 
cease,  but  they  are  particularly 

liable  to  recur  from  time  to  Tonic  .pa.m  .l  r.ght  trapezius,  rhomboid  and 
time,  ETkI   these  patients  suffer    levntor   »nguH   acmpoloe,  ol    two   yean.'  durBtlon, 

from  attacks  of  spasmodic  tor-   following  whoopingHMjiigii. 
ticolUs  throughout  their  lives. 

The  disease  occurs  af  tei-  any  illness.  In  many  cases  it  continues  for  over 
a  year  ^ith  little  intermissinn,  sometimes  being  moderate  in  degree, 
at  other  times  increasing  in  intensity.  Even  the  more  severe  eases 
occasionally  recover,  the  spasms  gradually  subsiiling  and  finally  dis- 
ajipearing.  It  is  not  aiten<Ied  by  convulsions  or  by  cortical  epilepsy, 
though  I  have  occasionally  seen  it  accompanied  by  considerable  men- 
tal  agitation,  a  distinctly  hysterica!  menta!  condition  developing  as 
a  result  of  the  irritation  of  the  continuous  spasm.  Cases  recorded  by 
Brofhe  and  Gowers  in  wliich  the  s|>asm  ceased  during  an  attack  of 
insanity  are  interesting. 

There  are  no  pathological  observations  to  determine  the  exact 
cause  of  torticollis.  The  disease*  is  not  primarily  nmscular  nor  is  it 
to  be  ascrilMHl  to  any  lesion  of  the  eleventh  nerve  or  motor  nerv^es  to 
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the  muscles,  inaisniuch  as  irritation  of  the  motor  nerves  does  not 
cause  spasm.  It  may  be  regarded  as  reflex  in  some  cases,  like  facial 
tic  and  blepharospasm,  as  the  result  of  a  sensory  irritation  iii  some 
one  of  the  sensory  nerves  of  the  neck.  In  tliese  cia^'S  neuralgia  may 
precede  the  attack.  In  the  vast  majtirity  of  the  eases  no  cause  can 
be  ascertained.  The  liypothesis  of  a  cortical  origin  of  this  spaism 
receives  a  certain  amount  of  sui>|>ort  from  the  fact  that  the  move- 
ments are  quite  similar  to  those  produced  by  volitional  effort,  and 
in  many  cases  nmscles  which  lie  upon  opiwsite  sides  of  tlie  body, 
and  are  supplied  by  various  nerves,  join  to  |jroduce  the  movement. 
The  fact  that  the  eyes  aiT  not  uncormnonly  turned  involuntarily 
to  the  side  toward  which  the  face  lof»ks  and  that  tlie  eyebrows  are 
elevated  when  the  head  is  turned  u])ward  supports  tliis  hypothesis. 
When  the  arm  is  involved  the  motions  JJro^luced  are  such  as 
would  be  produced  in  a  normal  individual  straining  to  move  the  head 
in  an  extreme  position  of  rotation.  Anyone  can  substantiate?  this 
fact  who  makes  e\tri*me  voluntiu'V  eiTorts  to  turn  the  head  from  side 
to  side. 

Etiology.  The  flisease  is  more  eooinion  in  women  than  in  men. 
It  occurs  in  adult  life  l>etween  thirty  and  fifty  years,  though  no 
age  is  entirely  exeinjit.  It  usually  occurs  in  jx^rsons  prtHlisiiOsed  lo 
nervous  disease  by  inheritance  or  suljjeet  to  other  forms  of  ner\'ou6 
affection^  such  as  neurasthenia*  rrnixraine,  or  psychosis.  It  is  not 
analogous  to  chorea  nor  dt>es  it  follow  attacks  of  chon?a  or  facial  tic. 
Occiisionally  it  has  teen  known  to  develop  after  a  fall  or  an  injury 
in  whicli  tlie  head  was  fnreil)ly  twisted.  It  lia.s  iM^eii  known  to  occur 
after  exjjosure  to  cold  and  after  an  attack  of  rheumatism  in  the 
muscles  of  the  neck.  It  has  been  known  to  follow  otitis  mtMlia,  and  in 
very  many  ciises  souje  defect  of  \ision  has  been  discovered  which  in- 
dicates tliat  eyestrain  may  Ix^  a  factor.  It  has  lx»en  ascrited  to  insuf- 
ficiency of  the  fjcular  muscles  and  also  to  myojiia  and  hj^x^rnietropia. 
Both  these  conditions  undoulitedly  caust^  an  involuntary  straining  of 
the  muscles  of  the  neck  in  the  act  of  vision,  and  occipital  headadie. 
None  of  these  causes,  how^ever,  seems  to  me  of  sufficient  moment  to 
originate  the  disease.  I  am  disposed  to  regard  it  as  almost  entirely 
a  cortical  affection  df^jienflent  ui>on  some  irritating  cause  an  .tj 

the  cortical  centres  whieh  move  the  head.  This  irritating  r;  ^^  :  ay 
be  exhaustion  from  volimtar>^  overaction  of  the  muscles  conspqueiil 
upon  (lefeets  of  vision,  and  it  may  be  considered  as  an  affection  attalo- 
gous  tfi  tli<^  many  forms  of  occupation  neuroses.  If  this  theory  is 
accept (^il  the  functional  disturbance  is  to  lie  located  in  the  entin' 
nen^ous  mechanism  involved  in  the  movement  of  the  head,  the  sen- 
sory elements  and  the  motor  elements  being  equally  involved  and 
thrown  into  a  state  of  hyi>ersensitiveness  which  results  in  .slight  sell- 
sations  producing  undue  movements. 

Prognosis.  The  prognosis  in  wryneck  must  \ye  given  with  great 
caution,  a.s  the  liistory  of  various  eases  shows  such  v^aried  courae. 
The  more  sudden  the  onset,  the  more  intense  the  spa??m,  the  mof» 
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widespread  the  distribution,  aiul  the  longer  its  duration  the  worse  tlie 
prognosis.  The  younger  the  patient,  the  less  severe  the  affection, 
the  greater  the  intervals  lietween  attacks,  and  tlie  less  the  discom- 
fort appreciated  t!ie  more  likely  is  recovery. 

Treatment.  The  treatment  of  torticollis  is  unsatisfactory  because 
we  are  ignorant  of  the  cau-st*  of  tlie  dtseust*.  \'arious  forms  of  nerve 
sedatives  Iiave  l>een  used,  I  havc^  found  hut  little  relief  from  large 
doses  of  bromide  or  from  bromide  anil  chloraL  \'aleriatiate  of  zinc 
and  asafoetida  have  given  somewhat  better  results,  but  the  best 
effects  have  been  obtained  from  large  doses  of  tincture  of  belladonDa, 
which  may  be  gradually  increased  uj)  to  full  physiological  effect  and 
usually  cau8e  a  tlistinct  improvement  in  tlie  condition.  Cannabis 
indica  has  also  Ix^en  of  jsome  service  in  the  treatment  of  this  affection. 
When  the  spasm  is  very  severe  and  causes  great  distress  opium  in 
some  form  may  1m?  used,  in  the  extreme  ca^^s  by  hy[)odermic  injec- 
tions of  morpliine.  This  usually  gives  eon^siderable  relief,  l)ut  unfor- 
tmiately  leads  to  tlie  morphine  habit,  to  which  sevt^nd  of  my  patients 
have  succumbed.  Hypodermic  injections  of  atropine,  ^^^  grain  in- 
creased slowly  up  to  ^\  grain  once  daily,  into  the  muscles  affected 
have  given  relief  in  some  cases,  but  have  failed  in  others.  Electricity 
has  no  effect  whatever.  If  it  is  tried  it  shouUl  be  in  the  form  of 
a  mild,  continuous  galvanic  current,  as  it  is  futile  to  produce  con- 
tractions in  muscles  already  in  a  state  of  spasm.  Attempts  to 
strengthen  the  opposing  muscles  by  electrical  exercise  should  not  l>e 
made,  for  even  the  greatest  voluntary  contraction  in  the  healthy 
muscles  is  incapable  of  overcorning  the  involuntary  spasm.  Counter- 
irritation  to  the  back  of  the  neck  by  means  of  blisters  and  by  the 
actual  cautery  not  uncommonly  gives  a  certain  amount  of  tetnporary 
relief  and  may  lie  used  frequently  if  the  skin  l>e  not  injured.  Mechan- 
ical supports  of  all  sorts  are  involuntarily  sought  for  l)y  the  patient, 
and  apparatus  tnay  be  devised  for  prcM hieing  a  constant  supjjort  of 
the  heail,  a  rod  carrying  a  pad  being  attached  to  a  corset  and  thus 
held  in  position. 

Torticollis  has  f>een  treated  by  .surgeons  by  division  of  the  ten- 
dons of  the  muscles.  This  affords  temporary  relief,  but  doc^s  not 
stop  the  spasm,  which  returns  as  soon  as  the  tendoas  have  united. 
It  has  also  Ijeen  treated  by  division  or  by  cutting  out  a  portion  of 
the  eleventh  nerve  where  it  enters  the  sternomastoid  nmsc le,  or  deep 
in  the  neck  just  at  its  exit  from  the  skull.  These  measures  certainly 
stop  the  spasm  in  the  muscles  supplietl  l)y  the  nerve  divided,  but  very 
often  after  the  division  of  the  nerve  the  motion  continues,  and  then  it 
is  discovered  that  the  nmscles  lying  deep  in  the  neck  upon  the  same 
side  or  upon  the  ofi|josite  side  have  originally  l>een  affected  by  the 
spasm.  Keen  has  divideil  the  ui>i>er  four  eer\ical  nerves  in  efforts 
to  paralyze  the.se  deeper  niyscles,  an  operation  involving  considerable 
difficulty  on  account  of  hemorrhage  and  on  account  of  the  depth  to 
which  the  wound  must  be  carried.  In  some  cases  this  has  given  relief, 
but  after  the  nerves  have  regenerated  the  spasm  has  returned.    In  a 
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discussion  before  the  American  Neurological  Association  in  1897*  the 
coosensuH  of  opinion  was  against  surgical  treatment,  yet  all  agreed 
that  it  affonlcd  the  only  ijros|)fTt  of  temporary  relief  in  severe  eaaes. 
Nodding  Spasnit  In  some  clnldren  soon  after  l>irth  or  within  the 
first  six  months  of  life  certain  oscillatory  motions  of  the  head  develop, 
usually  lateral,  sometimes  vertical,  and  occasionally  a  niixture  of 
both.  These  are  very  connnonly  ttssociated  with  a  condition  of 
rotary  or  lateral  nystagiims  which  appears  when  any  attempt  is  made 
to  turn  either  head  or  eyes.  These  noilding  movements  ilo  not  seem 
to  inconimcMle  the  child  and  are  certainly  not  attended  by  pain.  They 
are  not  unlike  tlie  nodding  movements  and  slight  rotary  movements 
occun*ing  in  very  old  persons,  though  these  are  not  associated  with 
nystagmus.  Nodding  spasm  is  more  ennimon  in  children  of  neurotic 
inheritance  and  children  who  are  badly  nourished  and  the  subject  of 
rickets.  It  develo])s  not  infrequently  in  ciises  of  hydrocephalus  in 
mild  (iegree  in  the  early  stage.  It  also  occurs  in  tumors  of  the  brain 
in  children.  The  origin  of  the  condition  is  wholly  unknown,  though 
in  several  cases  when  children  subject  to  nodding  spasm  have  grown 
up  and  have  outgrown  the  spasm  defects  of  vision  of  the  nature  of 
extreme  astigmatism  have  Ijeen  discovered.  It  seems,  therefore;  not 
unlikely  that  eyestrain  may  be  the  origin  of  these  conditions.  Little 
is  known  of  the  causation.  The  spasm  usually  fK^i-sists  uuril  the 
child  gets  to  be  a  year  old,  when  it  is  outgrown.  I  have  rarely  seen 
it  last  through  the  third  year.  As  the  disease  is  not  known  in  adult 
life  it  is  evident  that  all  fiatients  Recover,  There  is  nn  known  form 
of  treatment,  Init  in  these  children  the  general  liealth  should  Ik>  care- 
fully attended  to,  Pro|)er  nutrition  should  he  secure<l ;  gocnl  air  and 
good  food,  frequent  bathing,  and  tonics,  especially  cod-liver  oil  and 
arsenic,  are  <!istinctlv  beneficial. 


THE  TWELFTH  NERTE:   THE  HYPOaLOSSAL  KEE7S. 

Anatomy*  The  hy|pnglossa!  nerve  arises  from  a  long  group 
cells  whicli  lies  on  the  floor  of  the  fourth  ventricle  in  its  hmerniost 
part»  where  its  walls  aiJiin^ach  and  where  it  closiss  into  the  central 
canal  of  the  spinal  cord,  (Fig,  198,)  The  nerve  ct»lls  an*  large  anil 
multipolar.  They  send  their  axones  ventrally  through  the  medulla. 
pas.sing  at  Ihe  side  of  the  interolivary  tract  and  pyramid  and  issuing 
between  the  pyramid  and  the  olivary  body  on  the  ventral  surface  of 
the  medulla:  thence  they  make  their  exit  from  the  skull  through 
the  anterior  condyloid  foramen  of  the  atlas  and  pass  to  the  mu^J 
of  the  tongue.     (S?e  Fig.  177,  •>,  page  440,  and  Fig,  199.  pag<*  476, 

Paralysis  of  the  Hypoglossal  Nerve,  The  hypoglossal  nerve  is 
rarely  involved  in  lesions  ufirjn  the  base  of  the  brain,  though  oor*- 
sionally  tuberculous  or  syphilitic  masses  have  implicated  it.     In  sudi 
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^aaes  the  viigus  nerve,  wliicli  lies  quite  neitr  it,  18  iiUo  involved.     It 
is  not  affected  in  niulliple  neuritis. 

A  few  cases  of  injury  of  the  hy|)oglossal  nerve  have  been  recorded 
where  tins  nerve  hus  been  <tivided  by  stab  wounds  or  by  gunshot 
w^ounds  in  the  neek,  Occasional  atteitipts  to  cut  the  throat  result 
in  a  division  of  the  hypoglossal  nenT.  Carnernri^  deseriljed  such  a 
ease  with  great  care.  The  autopsy  showed  that  the  right  liypu- 
glossal  nerve  had  been  ihvitled  just  internal  to  the  bifurealion  of  the 
carotid  artery.  The  eut  ends  were  retracted,  the  central  end  was 
bulbous,  and  the  distal  end  was  fouTid  in  a  state  of  advanced  degen- 
eration. In  this  jiatient  the  right  si<le  uf  the  tongue  w^ls  paralyzed, 
had  a  flabby  aptx^aranee,  and  presented  three  transverse  wrinkles 
due  to  the  atrophy;  but  the  tongue  could  be  moved  in  all  directions, 
though  imperfectly,  and  with  diflieulty  toward  the  left.  It  jjro 
truded  to  the  right  side  of  the 

mouth   in   l>eing   put  out,  but  ^*°"  ^*^" 

there  was  no  paralysis  of  taste. 

The  roots  of  the  hypoglossal 
nerve  are  occasionally  affected 
in  disease  located  within  the 
medulla.  They  pass  close  to 
tlitj  pyramidal  tract  an^l  to  the 
interolivary  tract.  These  con- 
vey, rc»specti%Tly,  mot  re  anrl 
sensory  impulses  to  anri  from 
the  opposite  sitle  of  the  body; 
henee  a  form  of  alternate  |>ar- 
alysis  or  alternate  anaesthesia 
may  l>e  caused  l>y  a  lesion  which 
f lestroys  one  of  these  tracts  anrl 
the  hypoglossal  root.  Such 
lesions  may  be  of  vascular  origin 
or  may  be  new-growths. 

The  symjjtoms  of  paralysis 
of  the  twelfth  nerve  are  inability  to  move  the  muscles  of  the  tongue 
or  to  protrude  this  organ  from  the  mouth.  The  result  is  that  the 
tongue  lies  motionless  within  the  mouth,  its  muscular  fibres  very 
often  are  in  a  state  of  filmlhiry  tremor  ami  the  tongue  its<*!f  be- 
comes atrophied,  and  the  mucous  membrane  is  thrown  into  Uthh 
with  ileep  grooves  between  them  which  run  lengthwise.  (Fig,  268.) 
Inasmuch  im  the  muscles  of  the  tongue  an*  closely  interlaced  upon 
the  two  sifles.  a  unilateral  hypoglossus  paralysis  dcx^s  not  entirely 
paralyze  this  organ.  It  can  l)e  moved  in  tlie  mouth,  and  though 
the  pronunciation  of  some  of  the  lingual  letters  is  interffrr^d 
with,  yet  unless  the  paralysis  is  bilateral  this  is  not  very  noticeal>le. 
In  the  act  of  protruding  the  tongue  tlie  healthy  muscles  elevate 

1  British  MpdicalJounml.  1901, 


Rrgbt  betniAtrophy  of  the  tongue.    (Dejertoe,) 
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its  posterior  portion,  pushing  it  outward  more  fully  on  the  non- 
paralyzed  side;  hence  the  tongue  deviates  toward  the  side  of  the 
paralysis.  Chewing  and  swallowing  tire  not  interfered  with  l>y 
unilateral  hyi)oglossus  paralysis,  but  are  seriously  inipiiij-ed  if  the 
paralysis  is  bilateral  It  is  difficult  to  examine  the  tongue  elee- 
trically  on  aeeoinit  of  its  great  sensitiveness,  but  it  may  be  i^ossible 
to  demonstrat(^  a  reaetion  of  degeneration  in  it^  muscles. 

Paralysis  of  the  twetlth  nerve  from  disease  of  its  nucleus  maybe 
produeed  as  a  part  of  the  lesion  of  bulbar  paralysis.*     (See  p.  624,) 

The  cortical  centres  for  the  movements  of  the  tongue  lie  in  the 
lower  third  of  tin*  motor  an*a.  and  are  joined  to  the  imcleus  by  fibres 
whicli  j>ass  in  the  motor  tract  anterior  in  the  capsule  and  median  ill 
the  erus  to  the  tracts  for  the  arm  and  leg.  These  fibres  decussate 
in  the  raphe  of  the  medulla. 

Partial  paralysis  of  the  tongue  with  deviation  toward  the  paralyzed 
side  is  usually  an  acconipaniment  of  hemiplegia,  but  in  this  ease 
there  is  no  fibrillary  twitcliing  and  no  atrophy  in  the  tongue. 

A  spasmodic  contraction  of  the  muscles  of  the  tongue  ( aphthongia) 
has  been  described  by  Charcot^  and  must  have  been  kno^Ti  in  xh6 
midille  ages,  as  tlie  best  examples  are  fouiitl  copied  in  stone  in  some 
of  the  gargoyles  of  the  Notre  Dame  in  Paris  and  other  cathedrals  in 
Europe.  In  this  affection  the  muscles  of  the  tongue  are  contracted, 
and  as  a  result  the  tongue  is  forcibly  thrust  out  of  the  mouth,  either 
straight  out  if  the  spasm  is  bilateral  (the  common  form),  or  toward 
one  side  if  it  is  unilateraL  The  tongue  may  also  be  forcibly  rolled  in 
the  mouth  or  thrust  against  the  teeth.  The  spasm  occurs,  as  a  rule, 
in  attacks,  lasting  a  short  time,  but  extremely  annoying  to  the 
patient,  and  is  not  usually  associated  with  any  disease  of  the  tongue^ 
such  as  ulceration,  smoker *s  tongue,  or  cancer.  It  has  been  regarded 
as  a  pmxdy  functional,  possibly  hysterical  affection,  but  like  all 
spasms  may  be  reflex  from  some  jx^ripheral  or  central  irritation. 

The  prognosis  is  good.  Tlie  tn^atnient  should  consist  of  ner\*e 
sedatives,  espt^ially  bromides,  chloral,  valerian,  and  asafoetida. 


"  Deut.  Zeitsch.  I.  Nc^rvenheiJk,  Bd,  xiii.,  4, 
'  Icon,  de  In  Salp^tridre,  vol,  i.  p.  87 


GENERAL  DISEASES  (^1^  THE  NERVOUS  SYSTEM. 

MULTIPLE   SCLEROSIS. 

Multiple,  or  insular,  or  disseminated  sclerosis  is  a  disease  which 
affects  botli  brain  find  spinal  eon  I  together  in  varying  degree,  and  is 
characterized  by  the  prorlnction  of  small  plaques  or  islets  of  sclerotic 
tissue  scatt^Ted  irrt^gularly  through  the  central  nervous  system. 

PatliDlogy.  The  sclerotic  patches  xnr\'  from  n  niillimeti^  to 
several  centimetres  in  diameter  and  are  of  irregular  shape.  There 
may  be  a  hundred  or  more  such  plaques.  They  are  rarely  located 
in  the  cortex  of  the  brain.  t>ut  are  found  in  the  white  matter  beneath 
it,  in  the  centrum  ovale  and  in  the  corpus  callosum,  and  in  the  gray 
matter  of  the  basal  gaugha;  also  in  the  pons,  nKnlulla,  and  spinal 
cord,  and  with  less  fre(juency  in  the  cerebellum  both  in  its  white  and 
gray  matter.  Sometimes  the  nen^es,  both  cranial  and  spinal,  apj>ear 
to  l>e  invaded  for  a  short  ihstance  from  their  origin. 


Fio. 


MuUlple  liclerosis.    Section  fnmi  ibe  rcrvical  ru^Uni  of  t be  spinal  cord,  Blowing  a  Large  sclerotic 
[MfLtcb  on  uftcb  siile.    (Splller.) 


Tlie  sclerosis  differs  from  that  occurring  in  tithrr  forms  of  sclerosis, 
as  it  is  not  limited  to  ilefmite  tracts.  It  dot»s  not  lead  to  secondary 
degeneration  in  the  various  tracts  in  wliieh  it  may  happen  to  lie. 
This  is  trt'cause  it  spares  the  axones,  though  involving  tlie  medullary 
sheath  of  the  neurones.  In  a  fresli  state  the  ]:>atches  are  pinkish- 
gray  and  more  translucent  than,  normal  lirain  tissue.  Some  liave  a 
gelatinous  appearance.     They  replace  the  brain  tissue  without  in- 
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cre:t^ing  its  volume,  hence  are  not  like  small  tumors.  On  .-^^ction 
each  plaque  is  shMrply  defined  from  the  iiuriiial  tissue  about  it, 
■tliough  the  transition  from  a1>!iormal  to  normal  fibn^s  is  less  sudden 
when  a  .^in^le  fibre  is  followed  rdnng  its  etiurs<\  It  may  \)e  soft  or 
hard  and  may  in  old  cases  cut  like  cartilage.  There  are  no  long 
columns  of  sclerosis,  as  in  tal)es  or  lateral  sclerosis,  but  each  islet  is 
limited  in  extent. 

On  microscopic  examiiiation  the  sclerotic  patch  is  seen  to  consist 
of  very  fine  neui'oglia  fibres  and  glia  cells,  forming  a  feltwork  uf 


\ 


.^  d\\ 


MtilUple  Bcleroiia.  A  sclerotic  area  imiitlcates  a  l&rg«  |iuj  Uon  of  the  niedtiUa  oblongnto.  (Q 


interlaciDg  fibrils  with  dense  infiltration  with  nuclei,  and  there  may 
also  l)e  an  increase  of  connective  tissue.    The  fibres  seem  finer  than 
ordinar>^  neuroglia  fibres,  and  are  more  abundant  in  the  older  cnses^ 
the  early  stage  being  characterizetl  l>y  the  presence  of  small  rella.] 
In  the  older  eases  large  s]>ider  cells  are  often  found.     There  is  usuall] 
some  thickening  of  the  bloodvessels.     The  neurones  thenij*elves  aiw 
singularly  fri*e  from  degeneration,  even  in  the  midst  of  sclerotic 
patches;  but  orcasionally  cell  bodies  are  found  in  various  stages  of  j 
degeneration  when  the  |jlacjue  invades  the  gray  malt^^r,  anil  fattyl 
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globules  and  graniihir  coriniseles,  the  result  of  this  degeneration,  are 
then  scattered  through  tlie  plaque.  Even  by  NksFs  method  of  stain- 
ing there  are  found  few  or  no  evidences  of  degeneration  in  the  neu- 
rones.  In  some  regions  a  .simple  atrophy  of  cells  has  been  seen. 
The  nerve  fibres  passing  through  the  islet  of  sclerosis  appear  to  be 
stiueezed,  their  calibre  Ix'ing  reduced  but  their  continuity  preserv^ed. 
The  metlullary  sheath  is  reduced  materially,  and  here  and  there  an 
axone  is  broken  and  degenerated.  The  result  of  the  degeneration  of 
the  myelin  is  seen  in  the  presence  of  fatty  globules  and  waxy  granules 
in  the  nerve  patches.  But,  as  a  rule,  the  axones  are  pre8<^rved  and 
lie  naked p  adjacent  to  one  another,  through  the  plaque,  and  ap]>ear 

Flc.  271. 


_. ._, ^. ,,^^  ^-^^ 

Multiple  ftcleroris.  LongHudlnAl  secilou  through  n  plaque  In  ihe  spinal  cord.  g.  Thickened 
neurogUjL  L  Empty  spaeei  in  ihe  plaque,  :.  Large  glla  cells,  a.  Axis  cyltuder.  {Scbmaua- 
Bftfikl.) 


P 


as  if  the  medullar}^  sheath  had  been  dissolved  off  and  absorlied. 
This  peculiar  a])pearance,  first  noticed  by  Charcot,  has  been  confirmed 
by  all  subseciuent  observers  and  is  characteristic  of  insular  sclerosis. 
The  preservation  of  the  axone  exfilains  the  absence  of  S(X'ondary 
degenerations  in  the  various  tracts.  In  a  few  I'eceiitly  re]>orted  cases, 
probably  of  very  long  duration,  reliable  f>bsprvers  have  rejjorted 
secondary  degenerations  in  both  sensory  and  motor  tracts,  but  these 
are  certainly  the  exception. 

The  essential  feature  of  the  disease  is  therefore  the  production  of 
a  peeuhar  neuroglia  structure  which  is  associated  with  a  disap|)ear- 
ance  of  the  myelin  sheaths  of  nen^  fibres.  There  are  many  theories 
in  regard   to  this  process,  no  one  of  which  is  generally  accepted. 
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Strllmpell  bf*lieves  tliat  it  is  a  congenital  affection  of  the  nature  of 
gliosis,  not  unlike  syringoniyeliu  (q.r.)^  and  that  the  nerve  fibres  are 
affected  secondarily.  He  urges  as  proof  the  fact  that  it  occurs  in 
childhood.  Schmaus  suggests  that  instead  of  a  process  of  degenera- 
tion of  the  myelin  sheath  there  has  l^een  a  defective  development 
of  myelin  originally,  and  that  the  naked  fibres  have  never  developed 
a  myelin  covering,  a  possibility  which  is  rendered  more  likely  because 
of  the  fact  that  in  the  development  of  the  nerve  fibres  the  myelin 
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Miiiaple  selef\*(iis^iirtti>iitr  type.    g.  Gila.    L  Splices  led  by  the  Abtorption  of  nerve  dbfei. 
I:.  Gran nle  cells  in  tb«se  i paces,    a.  AziscyUnder.    {@chmm)s*S«rkL) 


appears  later  than  the  axone.  Under  these  conditions  it  would  be 
expected  tiiat  tlie  .syn)ptonis  would  apj^ear  in  infancy  inatead  cl 
developing  after  the  age  of  ten  years  or  lat^^r. 

Rintllleisch  and  others,  Ribbert,  Fiirstner.  Marie,  Bartach,  and 
Schmaus  believe  that  the  process  is  va.scular  in  origin,  a  toxic  a^nt 
in  ttie  bloofi  affecting  first  the  vessels,  then  the  metlullary  sheath  of 
the  nerves,  and  then  leading  to  a  secondary'  sclerosis.  They  affirm 
that  thf^  plaqups  lie  about  the  ves.se!8,  whicli  others  ileny.  Olbef3 
affirm  that  a  lymph  stasis  in  t  he  lymph  spaces  about  the  bloodveasels 
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is  tho  primary  raiiso:  llial  those  sjiaees  are  rrowdpd  with  opithelioid 
cells  which  dis^tend  them,  hinder  the  flow  of  ly^ipht  aixl  thuy  lead  to 
si\'elliog  and  degeneration  of  the  glia  cells  and  nerve  elements,  and 
finally  to  a  selerosis.  Bnt  this  theory  has  met  with  little  favor,  as 
the  majority  of  c^bservers  regard  tliis  lymph  stasis  a.s  a  result  and  not 
as  a  cause,  and  when,  under  other  conditions,  >;ueh  lymph  stasis 
occurs  it  leads  to  a  degeneration  of  the  axis  cylinder  and  not  to  one 
of  the  myelin  sheath  only.  Charcot^  Erb,  Gowers,  Ley  den,  Wer- 
nicke, and  Thoma^  hold  that  the  disease  is  an  interstitial  or  glia 
iiiflannnation  and  that  the  myelin  sheaths  are  destroyed  secondarily. 
Leyden,^  after  a  critical  review,  concludes  that  multiple  sclerous 
is  the  termination  of  a  chronic  interstittal  inflammation.  Kedlieh 
holds  that  it  is  a  parenchymatous  disease  in  the  myelin,  of  toxic 
origin,  and  that  the  g!ia  formation  is  secondary.  Andr^  Thomas^ 
athrms  that  it  Ix^giiis  in  the  axis  cylinder  and  afl*ects  some  but  not 
all  of  the  fibrils  of  wiiich  it  is  made  up.  Its  toxic  origin  is  admitted 
by  all,  lait  the  exact  manner  in  which  the  toxic  agent  acts  and  the 
reason  for  the  limitation  of  the  lesion  and  the  escape  of  the  distal 
part  of  the  axones  is  as  yet  a  matter  of  mystery. 

Etiology.  Multiple  sclerosis  is  a  tlisease  of  youth,  the  majority 
of  cases  developing  between  the  tenth  and  twenty-fifth  year.  No  age, 
however,  is  exempt.  Unger  found  nineteen  cases  in  infants.  The 
di.'^ase  is  rarely  inherited,  but  two  cases  l>eing  on  recorri  in  which  a 
woman  with  the  disease  liad  a  cliild  who  showed  symptoms.  It 
has  no  relation  to  syphilis.  Cold  and  trauma  were  formerly  sup- 
posed to  be  the  active  causes,  and  many  cases  have  been  recorded 
which  rentW  this  pi'obable,  recent  crises  of  Gaupp*  and  Blencke* 
t)eiiig  undoulitedly  traumatic.  Of  late,  owing  to  the  investigations  of 
Marie,  more  importance  has  been  assigned  to  infectious  and  toxic 
agents,  and  now  it  is  generally  fx^Iieved  that  the  disease  is  usually  a 
sequel  of  some  acute  infectious  disease,  typhoid,  variola,  malaria, 
scarlet  fever,  measles,  whoojjing-cough,  influenza,  pneumonia,  acute 
rheumatisnr,  dysentery,  cholera,  or  diphtheria.  It  has  been  known 
to  develop  in  women  after  childbirth.  I  have  seen  such  a  case^  and 
Balint*  has  reportetl  a  case  in  wJiicIi  after  each  of  four  successive 
confinements  a  rapid  increase  in  the  sym{>tonis  of  the  dis<:»as<"'  fol- 
lowed. 0))penheim  has  seen  cases  due  to  poisoning  l>y  metallic 
poisojiSj  esix^cially  lead,  zinc,  tin,  and  mercury,  and  Etieime'  has  also 
reported  one  by  carbonic  oxide  gas.  Striimpell,  w^ho  believes  the 
dist^asf*  to  lie  of  congenital  origin  and  due  to  maldevelopment, 
ascribes  little  importance  to  these  causes  and  holds  that  they  are 
merely  exciting  causes  w^hen  the  defective  nervous  system  is  present. 

*  Zur  Path.  l»bt.  cier  Mult.  Sclerose,  Dent.  Zeitflchr.  f.  Nervenheilk,,  1900,  Bd.  xvii.p. 
265. 

'  Nothnagel's  S|»€c.  Path,  u    Therapy  Bd.  x.  p,  450. 

*  Rev.  Nc'urologique,  1900,  vrih  vixi.  p>  490. 

*  Zur  Aftiologie  df?r  Mult.  8clerc>.*<*,  Ceiitrwlbl,  f.  Xervenheilk  ,  June,  IftOf). 
»  Mnnat>i*t*Kr.  f.  Unfalhhcilk.,  Dec,  1900. 

*  Dcut,  Zeitschr.  f.  Xerv'enhcilk,,  Htl.  xvi.  p.  437. 
'   Rev.  Neurol ojEri que,  10f»0,  vnl.  viii   p.  M25, 
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Hoffman  was  not  able  to  find  any  cause  in  more  than  one-hali  of 
l{}0  cases  stndied.* 

Symptoms.  It  has  b<^en  already  stat^'d  that  tlie  lesions  of  mul- 
tiple sclerosis  affect  the  brain,  brain  axis,  and  spinal  cord  in  different 
degi'ees  in  various  cases,  and  therefore  it  is  not  surprising  that  three 
ty|)es  of  the  dist»ase  have  l)een  described  by  writers  according  as 
symptoms  referal)!e  to  one  of  these  ]>arts  predominate;  but  since  in 
all  cases  w^hich  continue  for  a  long  time  the  terminal  result  is  about 
the  same,  it  is  only  necessary  to  mention  these  types  as  variations 
in  the  mode  of  onset.  It  iniist  also  be  stated  at  the  outset  that  great 
irregularity  in  the  development  and  course  of  cases  has  Ix^ennljserved, 
and  therefore  Buxzard  is  quite  right  in  holdirig  that  no  tyj)!cal  pic- 
ture of  multiple  sclerosis  can  be  drawn.  In  fact,  in  many  cases  it  is 
only  by  a  process  of  exclusion  of  other  forms  of  cerebral  and  spinal 
disf\%se^  and  of  hysteria  in  particular,  that  the  ditignosis  can  be 
reached.  It  is  also  necessary  to  jireiius^i'  any  statement  of  syniptcnns 
by  calling  attention  to  a  fact  admitted  by  all  authors  that  all  cas€*s  are 
characterized  by  occasional  complete  intermissions  in  the  syniptonii*. 
one  or  many  disap}»earing  entirely  for  months,  but  returning  later. 

The  ordinary  ty[je  of  case,  first  described  by  Cliarcot,  is  of  very 
gradual  development.  The  patient  has  some  numbneas  and  weak- 
ness in  the  legs,  which  slowly  increases  until  lie  Ivob  a  spastic  or  ataxic 
or  even  cerebellar  gait,  and  stiffneas  anrl  paralysis  in  the  legs,  with 
iufTeased  knee-jerks  aM<!  ankle  clonus  and  Bal)inski*s  symptom. 
There  is  usually  a  slight  (hfheulty  in  the  control  of  the  sphincters 
which  ap|iears  early.  The  skin  reflexes  are  often  lost.  The  gait  is 
tisually  like  that  of  lateral  sclerosis,  the  feet  being  drawn  along  the 
floor  and  overlapping  and  the  legs  stiff  anil  adducted.  It  may  be  a 
staggering  gait  like  tliat  of  a  drunken  rrum.  with  irregular,  uncerfain 
steps.  Sometimes  ii  is  a  combiriatioti  of  thes<*  two  gaits.  The  entire 
body  sways  in  walking,  which  is  due  to  an  irregular  contraction  oJ 
the  muscles  of  the  trunk,  producing  what  Opjx^nheini  has  termed 
*  *  vaseillation/*  At  the  same  time  a  tremor,  or  rather  a  jerky,  irregular 
action  of  the  hands,  apjiears,  which  is  increaseil  by  effort  both  to  hold 
them  still  and  to  perform  any  fine  motion.  The  rate  of  the  tremor  is 
from  five  to  seven  per  second.  This  is  ternied  by  tlie  Germans  an 
''intentional  tremor.**  It  does  not  occur  when  the  hands  are  at  rent, 
but  gets  wf*rse  and  worse  as  they  are  us«:*d,  the  motions  Iw^ing  mnrp 
and  more  extensive,  until  finally  the  patient  makes  irregular,  jeiky 
motions  and  cannot  attain  his  entb  When  he  ceases  to  try  tte 
tremor  stops.  Tims  he  spills  all  the  water  from  a  glass  in  attempting 
to  drink,  and  is  unable  to  adjust  his  clothing  or  to  writi*.  The  etitm 
arm  and  forearm  .share  in  this  tremor.  Occasiotuilly  this  tremor  is 
confined  to  one  side.  The  arms  may  become  weak  and  stiflf,  but  ihrn 
is  rare. 

At  the  sauie  time  a  marked  tlefect  in  speech  develojjs,  known  i 


I 
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<  Deut.  ZeitAohr.  f,  Nervenheilk.,  1002,  Hd.  xk\.  p.  1. 
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scanning  speech.     It 


slow,  jerky  utterance  of  wortls,  with  pauses 
between  wonts  or  between  syllables,  anrl  a  forced  effort  to  f>ronounee^ 
w^hieh  leads  to  uniisuiil  accentuation  and  possibly  to  a  ciip])ing  of 
wfirds,  so  that  they  are  not  fully  uttered.  There  may  Ik*  also  a 
tremor  of  the  face  and  of  the  tongue,  and  tremor  of  the  vocal  cords 
has  been  seen  by  the  laryngoscope.  Sometimes  there  is  a  tremor  or 
queer,  jerky  movement  of  the  head  which  can  be  proiluced  if  the 
patient  looks  up  or  turns  his  head.  This  may  occur,  like  a  -senile 
nmiding,  when  the  patient  is  at  rest,  the  mere  act  of  supfiorting  the 
head  l)eing  enough  of  a  voluntary  act  to  start  the  tremor. 

Nystagmus  on  lateral  or  upward  movement  of  the  eyeballs  ap]»ears 
early,  and  later  may  occur  when  no  motion  is  made.  This  is  found 
in  75  \yeT  cent,  of  the  cases.  The  pupils  are  often  unequal  an<i  may 
be  contracted,  but  always  respond  to  light.  Strabisnms,  ilue  to  a 
weakness  of  one  or  more  ocular  nuuscles,  usually  the  externi,  is  an 
occasional  symptom.  This  may  oniy  bfTome  evident  on  conjugate 
movement's  of  the  eyes  to  one  side.  Ttmiporary  attacks  of  blindness 
may  occur,  which  are  often  followed  by  a  permanent  condition  due 
to  optic  atrophy;  in  fact,  optic  atrophy  may  l>e,  as  in  tabes,  the 
earliest  symptom,  as  shown  by  case.s  of  Bruns  and  St  oiling,*  and  is 
found  in  a  large  number  of  cases  f 52  f)er  cent.,  Vtlhoff),  It  is  usually 
a  partial  atrophy  and  causes  a  narrowing  of  the  visual  fieki  or  scotoma 
rather  than  total  blindness.  The  outer  or  the  inner  halves  of  the 
disk  are  |>ale,  or  the  entire  disk  may  l)e  white  and  sharply  defined. 
There  is  also  a  cliange  in  color  vision,  red  ami  gnvii  Ix^ing  lost  lx*fore 
blue  and  yellow,  which  is  the  reverse  of  the  onler  observetl  in  hysteria. 
It  is  a  peculiarity  of  the  defects  of  vision  in  iimltijjle  sclerosis  that 
they  vary  from  day  to  day,  at  times  disappearing  entirely. 

Vertigo  is  a  common  symptom,  deafness  is  rare.  Mental  disturb- 
ance is  fretjuently  observeib  Tiiere  is  a  sense  of  well-being  and  a 
boastful ness  without  delusions  which  suggests  paresis.  There  is  a 
lack  of  control  of  tlie  emotions.  At  times  there  is  involuntary  laugh- 
ing, which  is  causeless  and  which  annoys  the  patient,  but  cannot  lie 
controlled.  There  is  imperfect  memory  and  a  manifest  weakening 
in  the  i>ower  of  reasoning  and  of  judgment.  In  sonie  cases  (25  \h*t 
cent.)  attacks  of  epilei)sy  or  of  apoplexy  with  subsequent  aphasia  or 
hemiplegia  occur.  Panesthesia  is  occasionally  complained  of,  but 
anaesthesia  is  rarely  observed.  Pains  sometimes  give  the  patients 
distress. 

In  some  cases  the  spastic  paraplegia  with  atrophy  of  the  muscles, 
loss  of  control  of  the  sphinctersp  ataxia,  trophic  disturbances  in 
the  joints  and  skin,  and  bed-sores  make  it  evident  that  the  spinal 
cord  is  the  part  chiefly  involved,  atid  in  these  cases  the  other  symp- 
toms of  bullKir  and  cerebral  nature  may  be  slow^  in  developing,  or 
may  not  occur  before  the  patient  dies. 

In  some  cases  the  cerebral  symptoms  are  the  first  to  apjiear, 

*  Monataschr.  f.  P»ych,  y.  Neurologie,  ISWX),  ild.  vii,  p.  89. 
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especially  scamVing  speech  and  heniiplegic  attacks  of  temporary 
duration.  It  is  in  these  patients  that  the  liiagnosis  may  Ik?  made 
of  paresis  or  of  cerebral  softening,  and  only  after  months  or  years, 
when  the  bulbar  and  si)inal  syoii>toniH  df^velop,  is  the  right  diag- 
nosis reached.  The  fact  that  other  symiitoms  of  paresis  do  not 
appear  \^ithin  a  year  of  the  onset  and  that  the  physical  signs  of 
paresis  are  absent  may  aid  in  the  differentiation  between  tlie  two 
diseases. 

In  a  third  type  of  cases  the  bulbar  symptoms  precede  all  others, 
and  difficulty  of  swallowing,  paralysis  of  the  vocal  cords,  atrophy 
of  the  tongue,  ])olyuria.  and  glycosuria,  and  attaeks  of  suffoeation 
may  occur. 

The  course  of  the  disease  varies  greatly.  In  some  cases  there  is  a 
slow  but  eontiimous  pron:ress  in  the  symptoms,  aiKl  after  some  years 
the  patient  becomes  helpless,  and  finally  dies  of  some  intercurrent 
disease.  In  these  cases  the  typical  synjptonis  are  so  evident  that 
the  diagnosis  is  simple.  In  other  cases  there  is  a  slow  onset  of  the 
spinal  symptoms  which  increase  in  intensity,  and  there  are  siuddeii 
attacks  of  an  epilejitic  or  apoplectic  type,  or  sudden  attacks  of  blind- 
ness which  may  subside.  In  still  other  cases  there  are  remissions  in 
all  the  symptoins  winch  may  be  so  complete  as  to  lead  to  the  hof)e 
of  recovery,  and  recurrence  takes  place  only  after  some  njoiiths  itr 
even  years.  In  other  cases  the  onset  Ls  rapid,  many  symptoms  ap- 
pearing in  the  course  of  a  few  weeks,  subsiding  and  recurring  in  a 
series  of  attacks.  And  lastly,  there  are  cases  which  are  said  to  go 
on  to  complete  recovery  l»y  gradual  subsidence  of  all  the  symptoms. 
Patients  have  died  within  two  years  of  the  onset.  Others  have  Uved 
for  twenty  yeara  or  more.  It  is  thus  evident  that  the  multiplicity 
of  the  symptoms  and  their  very  irregular  coui*se  makes  any  attempt 
to  draw  a  picture  of  multiple  s<'lerosis  (|uite  hazardous.  It  is  al^ 
evident  that  a  diagnosis  can  only  he  reached  in  the  obscure  cjises  by 
careful  and  long  observation  and  by  an  attempt  to  eUminate  all 
other  organic  and  also  some  functional  diseases. 

The  interest  which  unusual  cases  of  disease  excites  hii8  led  to  the 
report  (jf  many  cases  of  multiple  sclerosis  in  literature.  As  a  fact» 
it  is  a  very  rare  affecti<>n.  In  my  clinic  but  27  cai^s  have  been  seen 
among  10,056  |>atients,  and  in  my  jirivate  j^ractice  the  ratio  is  about 
the  same/  Hence  too  great  imjjortance  should  not  be  attached  to 
the  space  occupied  by  the  dis(*as(^  in  literature. 

In  one  jiiitient.  a  male  aged  thirty-five  years,  no  cause  could  lie 
ascertained     The  first  symjAtom  noticed  was  a  staggering  gait  quite 
like  that  of  a  drunken  man»  whicli  was  not  increa^^d  Ivy  closing  th«s 
eyes  and  was  not  acconipanied  by  any  change  in  the  knee-jerk 
After  this  had  been  present  fnr  some  months  the  man's  friemb' 
noticed  a  change  in  his  speech  whicii  soon  became  typically  sranniiii! 

*  See  The  Frequency  of  Multiple  Sclerosis,     Joum.  of  Nerv,  and  Meut.  Uu.,  19 
p.  288. 
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in  character.  Then  it  was  noticed  that  there  was  a  change  in  his 
niaaoer^  so  that  lie  gave  the  impression  of  being  weak-miiuled  and 
silly,  laughed  at  everything  wliieh  was  said  to  him,  and  did  not  appear 
to  appreciate  his  condition.  Examination  showed  lateral  nystagmus 
but  no  optic  atrophy  or  ocular  palsy  and  no  actual  paralysis.  These 
symptoms  had  l>een  coming  on  for  a  year  at  tlie  tina*  I  saw  him » and 
had  not  been  intermittent,  and  were  not  affected  by  treatment. 

In  a  second  j>atient,  male,  aged  twenty-four  years,  no  cause  could 
befoyiui.  The  first  syniptom  was  vertigo^  which  was  increased  by 
walking,  and  caused  an  irregular  ataxic  gait.  Soon  aftc^r  a  tremor 
began  in  tlie  left  liand  which  soon  extended  to  the  left  leg  and 
iticreased  his  ataxic  gait,  so  that  by  tiie  end  of  six  months  he  stag- 
gered constantly  and  could  liardly  dress  himself.  This  tremor  was 
increased  by  any  mental  effort,  l>y  emotion,  or  l\y  any  active  move- 
ment. Ten  montlis  after  the  onset  lie  noticeii  a  disturbance  of  vision 
which  was  not  dne  to  o])tic  atrophy,  but  was  produced  by  a  lateral 
nystagmus,  which  was  constant  in  looking  at  any  object  or  on  turning 
his  eyes.  About  the  same  time  typical  scanning  speech  was  noticed 
by  his  wife.  This  patient  had  no  seiLsory  disturbance,  no  paralysis^ 
and  no  mental  symjjtoms,  but  all  his  syiTiptoms  were  raj)idly  increas- 
ing in  intensity. 

A  thijxl  patient,  a  woman  aged  twenty-five  yeai-s,  had  suffered  for 
three  years  when  first  seen.  Her  sym])toms  began  with  tremor,  first 
noticed  in  lier  head  and  neck,  tlien  in  her  hands,  and  finally  in  her 
body  and  legs,  which  was  followed  by  the  slow  development  of  a 
spastic  gait  attended  by  hicreased  knee-jerks.  During  the  tliird  year 
lateral  nystagmus  and  scanning  sjieech  appeared.  Her  pupils  and 
optic  nerves  were  normal,  and  she  had  no  mental  symptoms,  and  her 
condition  liad  remained  stationary  fnr  some  months  when  last  seen. 

A  fourth  patient,  a  woman  aged  thirty  years,  had  suffered  for  four 
years.  She  had  always  been  delicate,  though  she  came  of  strong 
stock  aniJ  had  no  illness  prior  to  this  one.  Her  symptooLs  began 
with  stiffness  and  weakness  of  the  legs,  which  in  sLx  months  had 
developed  into  a  spastic  paraplegia  with  extreme  contractures  and 
loss  of  control  of  tlie  sphincters.  Then  severe  vomiting  and  indiges- 
tion began,  which  weakened  her  gi^eatly .  and  for  some  time  she  had  to 
be  nourished  by  enemata.  Then  for  three  months  she  lay  in  a  state  of 
semiconsciousness,  being  fed  by  rectum,  her  bowels  and  bladder  being 
evacuated  artificially.  (_)f  this  period  she  had  no  recollection,  and  it 
was  with  difficulty  that  she  was  kept  a  five.  Tliis  condition  and  the 
paralysis  were  supposed  to  be  hysterical,  and  an  attempt  was  made 
liy  orthopedic  apfiaratus  t*>  extend  the  contractured  legs  and  to  get 
her  to  walk.  During  this  treatment,  which  lasted  six  months,  her 
hands  began  tu  tremljle,  her  speech  became  scanning,  her  eyesight 
became  poor,  and  she  saw  doulile.  Attempts  to  stand  caused  great 
sliaking  of  the  entire  body  and  head,  but  became  more  and  more 
successful,  so  that  she  was  alvle  to  walk  witli  the  support  of  two 
^)ersons,  ami  recovered  contn>l  of  lier  s|>hincters.    After  three  months 
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of  a  fair  tlegree  of  comfort  her  nieiiKiry  began  to  fail  and  her  con* 
trol  over  her  emotions  \va.s  much  weakened  Then  the  intentional 
tremor  increased  rapidly,  so  that  no  voluntary  movement  was  {xxs- 
sible.  There  was  no  imralysiB  of  the  limbs  wlien  I  saw  her.  There 
was  a  loss  of  knee-jerks,  nystagmus,  jjaralysis  of  the  left  external 
rectus,  no  loss  of  pupil  reflex,  vision  was  jxTfect,  there  was  marked 
tremor  of  the  intention  tj^je,  ami  typical  scanning  speech.  Her 
manner  was  chiltlish  mid  hysterical. 

Diagnosis.  The  diagnosis  from  locomotor  ataxia,  spastic  para- 
I^legia,  ataxic  paraplegia,  and  amyotrophic  lateral  sclerosis  is  to  be 
made  (1)  by  the  api>earance  tjf  lailbar  symptoms  an<l  cerebral  symp- 
toms, which  do  not  occur  in  these  diseases—^,  g.j  scanning  spefKrh, 
nystagmus^  and  lack  of  mental  activity,  and  an  emotional  stale; 
(2)  by  the  lack  of  many  symptoms  which  are  characteristic  of  these 
diseases;  (3)  by  the  coui*se  of  the  case  with  remissions  which  do  not 
occur  in  these  afTections.  The  diagnosis  from  cerebral  disease,  from 
paresis,  multiple  softening  due  to  atheroma  and  brain  tumor  is  to  be 
made  by  the  presence  of  intentional  trenu^r  and  a  scanning  speech 
which  does  not  resemble  the  trembling,  indistinct  pronunciation  of 
the  paretic;  the  absence  of  severe  dementia;  the  absence  of  delusions; 
the  absence  of  headache,  vomiting,  and  choked  disks;  the  prei^rva- 
tion  of  jRipil  action;  the  intermittence  of  the  symptoms,  and  the 
irregular  course  of  the  case.  Tftxic  tremors  and  paralysis  agitam 
never  resemble  intentional  tretnor  and  lack  all  other  sjinptonis  of 
multiple  sclerosis.  The  diagnosis  from  hysteria  may  be  at  all  times 
difficult,  esfK»cially  as  hysterical  manifestatirais  frequently  occur  in 
the  course  of  nmltiple  sclerosis.  Both  diseitses  occur  in  young  per- 
sons,  though  hysteria  is  more  common  in  women  ami  nmltiple  scle- 
rosis in  men.  Both  iliseases  may  follow  an  emotional  shock,  or  a 
trauma,  or  an  infectious  disease.  Both  j)resent  a  nndtitude  of  ineon- 
gru*a»s  sjmptoms  whicli  come  and  go  suddenly  without  appan^ni 
reason,  and  manifest  great  changes  in  character  and  course.  Scanning 
s]}eech  am!  intentional  tremor  have  been  seen  in  hysteria.  Nystag- 
nms  is  never  an  hysterical  symptom;  optic  atrophy  is  never  hysr- 
terical ;  tike  peculiar  oscillation  of  the  liead  and  body  is  not  seen  in 
hysteria »  antl  loss  of  control  of  the  s])!iincters  is  never  hystericah  In 
the  majority  of  cases  a  stutly  of  the  individual,  her  heredity,  nature, 
character,  and  her  surroundings,  and  the  discovery  of  the  stigmata 
of  hysteria  will  enable  a  diagnosis  to  be  reached,  though  Buzzard, 
Oppenheim,  and  every  specialist  has  been  obliged  to  confess  toc»cc4i- 
sional  mistakes  in  tliagnnsis  which  were  apparently  inevitable.  The 
knowledge  of  the  possibility  of  such  mistakes  shoukl  inteasify  the 
effort  to  obtain  objective  proof  of  the  existence  of  nmltiple  sclerosis* 
So  long  as  subjective  sym]>toms  only  are  present  or  syinptor  '  h 
can  be  voluntarily  sinnilated  no  one  can  be  certain  of  a  di 

There  is  n  condition  descrilied  Uy  Westphal  as  **  pseudc»-scleri>si!il 
which  presents  symptoms  ahnost  identical  with  multijile  sclerosi?? 
yet  in  which  no  lesions  have  been  found.     In  this  condition  the 
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mental  symptonas,  delirium  and  an  apathetic  state  jajoing  on  to  moder- 
ate dementia,  appear  early  and  are  more  marked  than  in  multiple 
sclerosis;  the  tremor  is  a  slow  oiie»  the  movements  being  but  two  to 
three  to  the  second,  and  may  occur  Lluriug  rest;  all  movements,  even 
speech,  are  unusually  delil>erate;  nystagmits  and  optic  atrophy  do 
not  develop,  Marie  considers  this  disease  of  Westphal  as  a  form  of 
hysteria,  but  Striimpell,  who  has  studied  two  cases,  supports  West- 
phfiFs  contention  that  it  is  a  neurosis,  not  hysterical  in  origin.  It  is 
not  improbable  that  new  histological  methods  may  reveal  a  lesion  as 
yet  not  discovered  and  as  widespread  as  is  multiple  sclerosis. 

The  diagnosis  of  multiple  sclerosis  from  Marie  s  form  of  hereditary 
cerebellar  ataxia  requires  consideration,  since  both  diseases  develop 
in  youth,  both  are  attended  by  ataxia,  nystagmus  and  tremor  of  the 
head,  body,  and  limbs,  and  by  mental  failure.  In  multiple  sclerosis 
some  spastic  para|>legia  usually  precedes  the  ataxia :  this  is  not  often 
of  cerebellar  type,  antl  is  attended  by  exaggerated  reflexes.  In  mul- 
tiple sclerosis  optic  atropliy  is  conmion,  but  it  has  not  been  observed 
in  Marie's  disease.  The  course  of  the  disease  is  steadily  progressive 
in  Marie's  disease,  while  in  multiple  sclerosis  intermissions  and  remis- 
sions are  the  rule. 

Prognosis.  The  prognosis  in  multiple  sclerosis  is  unfavorable  for 
recovery,  but  the  condition  does  not  make  rapid  progress,  and  as 
remissions  in  the  symptoms  occur  spontaneously  some  relief  from 
time  to  time  may  be  promised.  In  a  few  cases  the  symptoms  have 
subsided  and  have  not  returned  for  several  years.  The  cases  which 
have  been  reported  as  cured  belong  to  this  form.  The  earlier  its 
development  in  life  the  better  is  the  chance  of  its  arrest.  Even 
blindness  has  been  known  to  subside,  and,  as  the  optic  atrophy  is 
never  total,  some  degree  of  vision  may  be  assured.  The  appearance 
of  bulbar  symptoms  should  always  give  rise  to  apprehension,  as  some 
cases  of  rapidly  fatal  termination  from  paralysis  of  deglutition  or 
from  respiratory  failure  have  been  recorded. 

Treatment.  It  is  essential  that  patients  should  avoid  physical 
exertion,  and  a  rest  cure  often  helps  greatly  to  arrest  the  disease. 
Even  voluntary  movements  of  the  hands  and  too  much  talking  may 
be  avoided.  The  nutrition  must  be  kept  at  the  best  possible  point, 
fresh  air,  gooil  food,  tepid  or  alcohol  sponge  baths,  massage,  and  all 
kinds  of  tonics  being  employed  to  increase  the  store  of  energy.  As 
a  rule,  very  hot  baths  are  to  be  avoided,  also  col<l  sliocks.  A  daily 
bath  at  90^  F.,  followed  by  rubbing,  and  salt  baths  at  95°  F.  are  of 
much  service.  These  patients  do  well  at  Nauheim  and  in  water-cure 
establishments.  General  galvanization  has  been  thought  to  be  of 
use.  In  regard  to  the  use  of  drugs,  I  have  seen  apparent  benefit 
follow  the  use  of  arsenic,  quinine,  and  salicin,  and  would  urge  these 
remedies,  which  may  be  used  in  succession  two  weeks  at  a  time. 
Cod-liver  oil  is  also  of  service.  There  is  little  effect  to  In?  expected 
from  the  use  of  mercury  or  of  iodide  of  potassium.  Nitrate  of  silver, 
once  highly  praised,  has  been  abandoned. 
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Syphilitic  affections  of  the  nervous  system  may  be  produced  by: 

1.  Sypliilitic  endarteritis, 

2.  Direct  action  of  the  syphihtic  polsou  or  its  toxin  upon  the 
nervous  system. 

3.  Syphihtic  exudations  in  the  meninges. 

4.  Syphihtic  deposits  in  the  brain,  spinal  cord,  or  nerves. 

5.  Hereditary  syphihs. 
These  lesioos  are  usuahy  the  result  of  a  cln-onie  syphilitic  condition 

rather  than  of  the  primary  effect  of  the  poison.  Hence,  as  a  rule, 
they  develop  in  the  tertiary  stage  of  syptulis,  though  occasionaUy 
the}^  appear  early. 

1.  Syphilitic  endarteritis  produces  a  progressive  diminution  in  the 
calibre  of  the  bloodvesselsj  both  in  the  arteries, as  Heubner  hasshown, 
and  in  the  veins,  as  Rieder  has  shown.  This  causes  a  state  of  anaemia 
and  malnutrition  of  the  part  of  the  nervous  system  supplied  by  the 
vessels  affected,  and  \vads  to  thrombosis  followed  by  localized  soften- 
ing  in  the  area  cut  off  from  its  blood  sujjply.  The  symptoms  of  this 
condition  are,  in  the  early  stage,  those  of  malnutrition  of  the  brain  or 
spinal  cord  and  imperfect  action  in  the  regions  affected.  The  patients 
present  at  first  syniptoms  of  neurasthenia  and  later  slight  temporary 
suspension  of  functions^  such  as  temporary  aphasia,  numbness  in  one 
limb  or  in  one-half  of  the  body,  a  condition  of  weakness  not  amoimt- 
ing  to  paralysis  in  one  limb  or  one-half  of  the  Inxly,  double  vision,  or 
vertigo,  or  symptoms  of  trans\'erse  myelitis,  followed  by  the  second- 
ary degenerations  which  it  sets  up.  Stimulants  to  the  heart  relieve 
the.^e  symptoms,  but  after  a  time,  if  a  thrombosis  occurs,  the  symp- 
toms of  cerebral  apoplexy  or  myelitis  suddenly  appear.  After  such 
an  apoplectic  attack  a  partial  recoverj'  may  ensue,  but  as  a  spot  of 
softening  in  the  brain  or  cord  is  usually  left,  a  complete  recovery  is 
not  to  l>e  expected;  hence  the  fact  that  a  syphilitic  lesion  which  can 
be  removed  by  treatment  is  the  cause  of  the  apoplectic  attack  docss 
not  warrant  a  more  favorable  prognosis  in  such  cases.  It  is  not 
necessary  to  recount  the  symptoms  of  thrombosis  in  the  brain  or 
spinal  cord,  a.s  they  do  not  differ  in  syphihtic  cases  from  those  in 
other  types.  Hence  the  reader  is  referred  to  the  chapters  tjn  vast^ubr 
diseases  of  the  brain  and  on  myelomalacia^    (See  Figs,  211  and  212.) 

2.  The  toxic  effects  of  syphilis  on  the  nerv^ous  s\'stem  are  mam- 
fested  in  some  castas  bj^  general  disturbances  of  function,  which  pf<> 
duee  the  symptoms  of  neurasthenia  of  various  types.    As  a  rule,  in 
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syphilitic  neurasthenia  the  symptonis  appear  to  be  worse  toward 
evening,  antl  insonniia  is  more  per^^istent  than  any  other  pymptom: 
hence  in  general  neura,sthenia  with  insomnia  any  syjihilitic  element 
must  be  looked  for  and  treated  before  the  neurasthenia  can  be  eiu*ed. 
Neurasthenia  may  occur  in  syphilitic  |>crsoiis  without  any  liirect  con- 
nection witli  the  sypliilis,  which  at  the  time  may  be  latent.  A  test  of 
treatment  is  the  only  one  enabling  a  t  iifferential  fiiagnosis  to  be  made* 

The  most  serious  effects  of  the  syphilitic  toxins  upon  tlie  nervous 
system  are  seen  in  the  progressive  degenerations  which  develop  slowly 
many  years  after  the  initial  lesion.  These  degenerations  may  appear 
in  the  cortex  of  the  brain,  leading  to  paresis  (see  page  556),  or  in  the 
lateral  tracts  of  the  cord,  leading  to  syphilitic  spastic  paraplegia  (s4:*e 
page  278),  or  in  the  posterior  sensory  nenrones  in  the  spinal  ganglia, 
leading  to  locomotor  ataxia  (see  jiage  284).  Th(\v  may  also  ap|x*ar 
as  diffuse  dc^generative  processes  affecting  both  motor  and  sensory 
neurones,  as  in  transverse  dorsal  myelitis  (see  page  347),  in  bulbar 
paralysis  (see  page  622),  or  in  dementia.  In  all  tliese  diseases,  while 
the  causative  factor  may  be  evidently  syphilitic,  the  symptoms  pro- 
duced, the  course  of  the  case,  and  the  etTects  of  treatment  may  differ 
in  no  respect  from  those  in  the  ordinary  non-syphilitic  type.  It  is  to 
be  noted  that  in  these  degenerative  affections  antisyphilitic  treat- 
ment has  no  power  to  alter  the  course  of  the  case,  and  the  prognosis 
in  all  is  extremely  unfavorable, 

3.  Syphilitic  exudations  into  the  meninges  of  the  brain  and  spinal 
cord  and  syphilitic  meningitis  are  exceedingly  common  as  a  secfuel 
of  syphilitic  disease.  From  two  to  ten  years  after  the  infection 
gummy  exudations  may  occur  in  any  part  of  the  brain,  but  are  more 
frequent  upon  the  base  of  the  brain  and  aljout  the  cms  and  pons. 
The  glue-like  substance  is  deposited  rapidly  and  extensively  through 
the  meninges,  producing  piTssure  upon  the  subjacent  brain  or  upon 
the  cranial  nerves,  or  upon  the  spinal  cord,  and  thus  causing  suspen- 
sion of  function  in  the  parts  compressed  Whether  the  syphilitic 
exudation  takes  the  form  of  a  soft  or  of  a  hard  tumor,  it  produces 
the  regular  syni|>tonjs  of  tumor  of  the  brain  (sec  page  597)  or  of  the 
spinal  cortl  (sec  page  395),  Gummy  exmlations  may  also  occur  in 
the  nerves,  the  opiie  and  oculomotor  being  the  nerv'es  most  liable  to 
this  affection.    (See  Fig.  237:  see  also  page  730.) 

The  pressure  upon  the  vessels  produced  by  syphilitic  exudations 
adds  to  the  complexity  of  the  symptoms.  The  course  of  the  case  is 
more  rapiil  in  its  onset  than  that  of  tumor  of  the  brain  or  spinal  cord, 
but  resembles  it  in  all  other  resfKH-ts.  From  a  study  of  the  general 
and  local  symptoms  it  is  not  |>ossible  to  determine  that  the  tumor  is 
syphilitic  in  origin.  But  in  any  case  of  tumor  in  the  brain  or  spinal 
cord  it  is  well  to  give  the  patient  the  benefit  of  the  doubt,  and  if  the 
symptoms  suljside  rapidly  under  inunctions  of  mercury  and  large 
doses  of  iodide  of  potash  the  conclusion  that  the  tumor  was  a  gumma 
is  justifiable.  The  prognosis  is  good  in  the  majority  of  cases,  though 
relapses  are  frequent. 
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4.  Syphilitic  deposits  in  the  brain  itself  may  be  of  the  nature  of 
small  disseminateil  spots,  producing  chronic  indurative  or  sclerotic 
process<:*s  or  small  regions  of  softening.  The  symptoms  of  this  affec- 
tion are  identical  with  those  of  general  paresis,  and  can  only  be 
distinguished  from  paresis  by  the  result  of  treatment,  (See  page  562.) 
When  these  disseminated  spots  are  located  in  the  cerebral  axis  or  in 
the  spinal  cord  they  proiluce  symptoms  which  are  identical  with  those 
of  multiple  sclerosis.  (See  page  700.)  When  they  occiu-  on  or  in  the 
nerve  roots  or  nerve  trunks  they  cause  symptoms  of  neuritis.  In  all 
cases  antisyphilitic  treatment  meets  with  success. 

5.  Hereditary  sj^philis  manifests  itself  in  any  or  all  of  the  lesions 
already  described »an€l,  as  a  rule,  a  combination  of  disease  of  the  blood- 
vessels and  of  the  meninges  is  found.  It  occasionally  produces  the 
symptoms  of  cerebral  atrophy  or  the  s^miptomsof  muhiple  cerebro- 
spinal sclerosis  in  cliildren,  and  in  either  of  these  conditions  tliis  fact 
must  Ije  kei>t  in  mind,  and  if  other  signs  of  hereditary  syphilis  are 
discovered  this  element  must  be  considered  in  the  treatment.  Many 
anomalies  of  development  of  the  brain  and  some  cases  of  hydro- 
cephalus are  clearly  traceable  to  syphilis.  The  amaurotic  family 
idiocy  of  Sachs  is  due  to  inherited  syphilis. 

It  is  evident  tli^n,  from  this  summary  that  syphilis  of  the  nervous 
system  manifests  itself  by  many  difTerent  kinds  of  lesion  and  pm- 
duces  many  ditferrnt  tyites  of  symptoms.  Much  attention  has  been 
given  to  the  subject  during  the  past  few  years,  the  works  of  Fournier/ 
Rumpf,'  Oppenheim,^  and  Nonne*  having  forced  it^  importance  upon 
the  notice  of  fihysicians.  It  must,  however,  he  adjiiitted  that  there 
is  nothing  j>athognomonic  about  any  disease  of  the  nervous  system 
to  convince  one  tliat  it  is  syj^hilitic,  and  hence  it  seems  sufficient  in 
this  chapter  to  refer  to  the  various  chapters  in  which  the  diffen^nl 
diseases  traceable  to  syphilis  arc*  descril>ed.  The  tmatment  of  s>^>h- 
ilis  of  the  nervous  system  is  described  on  page  325. 


*  La  syphilid  I lu  fervcau.     Parts,  1S79. 

'  Die  sy[iliilitisr  he  Erkrankungt*!!  der  Nerveiisystemi!,     Wiesbaden,  1887. 

*  Oppeniicim,     Lchrbuch  dor  Ner^enkraiikiieit^n,  1902. 

*  Syphilis  uad  NorveusyBtem,  BerliD.  1902. 


CHAPTER    XXXVII. 

PACHYMENINGITIS  AND  MENINGEAL  HEMORRHAGE. 

Pachymeningitis  or  inflammation  of  the  dura  mater,  may  be  lim- 
ited to  the  external  or  to  the  internal  surface  of  the  dura,  or  may 
involve  both  surfaces  at  once. 

PA0HYMENINQITI8  EXTERNA. 

Pachymeningitis  externa  occurs  as  a  result  of  fractures  of  the  skull, 
or  follows  any  disease  of  the  bones  of  the  cranium,  such  as  caries, 
especially  after  ear  disease,  syphilitic  exostoses,  tumors  invading  the 
bones,  and  erysipelas  of  the  face. 

In  septic  cases  it  may  lead  to  the  formation  of  an  abscess  between 
the  dura  and  the  bone.  The  only  sjrmptoms  produced  are  those  of 
the  original  causative  disease,  and  local  pain,  which  may  be  increased 
by  pressure  and  by  percussion.  In  these  cases  trephining  will  lead 
to  tjie  evacuation  of  the  pus. 

It  may  take  the  form  of  a  connective-tissue  proliferation,  causing 
a  thickening  which  is  permanent. 

In  a  few  cases  a  firm  adhesion  between  the  dura  and  the  cranial 
bones,  with  the  production  of  bony  deposits  and  a  solidification  of  the 
diploe,  has  been  found.  This  may  occur  in  early  life  and  lead  to  the 
development  of  chronic  headache  with  many  neurasthenic  and  hys- 
terical symptoms  which  resist  all  forms  of  treatment. 

PAOHYMENINaiTIB  INTERNA. 

Etiology.  This  disease  may  result  from  the  same  causes  as  pachy- 
meningitis externa,  especially  from  trauma,  or  may  be  a  sequel  of  it. 
It  is  never  possible  in  life  to  distinguish  sharply  between  the  two 
conditions.  It  may  be  a  sequel  of  sunstroke.  It  has  been  found  in 
many  cases  of  chronic  insanity,  especially  in  paretic  and  senile  demen- 
tia. It  has  been  ascribed  to  chronic  alcoholism.  It  has  been  found 
in  cases  of  purpura  and  in  persons  dying  of  various  infectious  and 
wasting  diseases;  a  causal  connection,  however,  ha,s  not  been  estab- 
lished.    It  may  be  due  to  syphilis. 

Pathology.  The  result  of  an  inflammation  of  the  inner  layer  of 
the  dura  is  the  production  of  a  thin  vascular  membrane  covering  it 
like  a  veil.  The  vessels  in  this  are  extremely  delicate  and  rupture 
easily.    As  a  result  a  hsematoma  forms,  flat  and  thin,  but  of  sufficient 
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size  to  euiiipress  the  brain  V>eoeath  and  to  cause  s>iBptoms.  Some 
pathologists  beUeve  that  in  cases  of  hiematoma  the  hemorrhage  from 
congested  vessels  occurs  first,  then  the  clot  becomes  organized  and 
adherent  to  the  dura,  and  then  new  vessels  form  iii  it.  Bevan  Ij«:*ms 
believes  this  to  l>e  the  invariable  case  in  the  chronic  insane.  The  new 
membrane  may  be  limited  in  extent  or  quite  large.  It  may  lie  on 
any  part  of  the  dura.  If  the  condition  goer's  on  for  some  time  several 
layers  of  new  tissue  roay  form  until  the  dura  is  several  times  its 
ordinary  thi(*kness.  In  such  a  thickened  series  of  layers  flat  hrema- 
toniata  are  often  found.  The  age  of  the  various  layers  can  be  deter- 
mined by  their  degree  of  hardness  and  vascularity.  In  tlie  older, 
deeper  layers  there  may  \w  thin  deposits  of  bone.  In  the  superficial 
layers  there  is  occasionally  an  adhesion  to  the  pia.  This  is  tJic  con- 
ditioH  found  in  cln^onic  alcoholism  and  in  terminal  dementia. 

Sjnnptoms.  Tiie  disease  may  l»e  |>resent  for  years  as  a  chronic 
condition,  causing  dull  headaches  only  or  slight  difficulty  in  thinking, 
with  impaired  memory,  ami  may  not  be  diagnosticated.  It  is  I jy  the 
occurrence  of  the  hemorrhages  which  produce  symptoms  of  a  tem- 
porary a|)oplexy  that  the  suspicion  may  be  awakened  of  a  pachy- 
meningitis liemorrhagica.  Thus  an  alcoholic  subject  who  had  had  a 
sunstroke  and  had  at  various  times  suffered  from  blows  on  the  head 
complained  for  some  weeks  of  s^i-vere  headaches,  and  suddetdy  had 
an  attack  of  left  hemiplegia  attended  by  vomiting  and  a  short  general 
con\iilsion.  In  the  course  of  two  wTcks  all  signs  of  the  hemiplegia 
subsided  and  it  was  evident  that  no  destruction  of  brain  tissue  had 
occm-red.  His  headaches  continued  and  ffrur  months  after  the  first 
attack  a  second  with  right  hemi])!egia  anil  a[>hasia  occum?d  which 
proved  fatal.  The  autopsy  showed  an  extensive  pachymeningitis 
interna  with  a  large  recent  hiematoma  on  the  left  side  and  e\ndence9 
of  an  old  one  on  the  right  side.  In  any  case  where  apoplectic  sj'mp- 
toms  occur  and  subside  rapidly  the  possibility  of  luematoma  must  be 
considej-ed.  During  the  attack  and  immediately  after  it  the  diagnosis 
of  apoplexy  is  the  only  one  possible.  The  pupil  is  dilated  on  the  side 
of  the  lesion,  the  head  and  eyes  may  turn  toward  tlie  lesion,  and  a 
rigid  state  of  the  limbs  may  exist  for  some  hours  after  the  attack. 

The  course  of  a  case  in  pachymeningitis  is  sometimes  very  slow. 
The  patient  may  suffer  for  several  years  from  occasioiuil  attacks  of 
severe  headache  lasting  several  days  antl  then  gradually  subsiding, 
but  lea\ing  him  with  disagiTeable  cerebral  sensations  and  a  sense  of 
inability  to  do  his  work.  He  may  be  aware  of  difficulty  in  fixing 
his  attention  upon  Inisiness  or  matters  of  importance,  and  may  suffer 
from  difficulty  in  recollecting  recent  events.  He  may  manifest  all  the 
symptoms  of  cerebral  neurasthenia  with  occasional  attacks  of  vertigo 
and  prostration.  As  time  goes  on  he  may  have  sudden  attacks  of  uii- 
consciousness»  with  or  without  twitching  of  a  general  character  in  the 
liml)s»  or  with  a  true  Jaeksonian  epileptic  attack,  and  after  such  an 
attack  he  may  be  much  prostrated  for  ten  days  or  tw^o  weeks,  being 
confused  mentally,  or  almost  stuporous,  or  being  very-  irritable  and 
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rtstfess.  Then  ill!  these  symptoms  may  subside  and  he  nmy  return  to 
a  state  of  apijarent  health  and  even  be  able  to  go  back  to  business. 
But  even  when  apparently  well  lie  will  be  known  by  those  who  are  most 
intimately  asyoeiated  with  him  to  .show  some  chanj^es  in  disposition 
and  character  which  ai*e  minaturah  After  a  i>enotl  varying  from  six 
months  to  a  year  the  headaches  may  reapi^ear,  eonvulsions  may  be 
repeated,  and  inability  to  think  and  rememljer  may  ag;ai!i  become 
noticeable.  Attacks  of  hemiplegia,  or  of  heiniano[>sia,  or  of  aphasia 
may  follow,  and  the  patient  may  again  be  reduced  to  a  state  of  in- 
validism. It  is  seldom  that  two  remissions  occur,  but  they  fuive  been 
observed.  Finally,  all  the  sjonptoms  l>ecome  intensifietl,  the  head- 
ache becomes  continuous,  the  mental  dulness  tecomes  more  marked, 
and  the  patient  is  oliliged  to  go  to  bed,  where  lie  lies  hi  a  state  of 
8emi-stu|>or  for  weeks  or  even  months.  In  this  condition  he  can  be 
arousi'd,  will  answer  simple  questions,  Imt  shows  no  interest  in  his 
surroundings  or  in  his  family,  and  is  indifferent  to  his  ot;\tl  condition. 
He  will  take  food  when  it  is  offered,  but  seems  to  live  in  a  dazed 
condition  J  and  is  very  likely  to  neglect  ordinar^^  cleanliness.  He  sleeps 
heavily  in  the  daytime  and  is  wakeful  at  night,  and  very  often  has 
a  muttering  delirium  during  the  night;  at  times  starting  \i])  in  a  state 
of  alarm ;  at  times  crying  out  a>t  if  in  pain,  and  at  limes  t>eing  restless 
and  desirous  of  getting  up  and  going  out.  A  general  condition  of 
motor  weakness  gradually  develops,  even  when  the  patient  does  not 
show  the  traces  of  apoiilectic  attacks.  His  movements  l>ecome  uncer- 
tain and  ataxic,  with  considerable  tremor  of  the  extremities  and  even 
of  the  entire  body.  In  getting  up  out  of  l>ed  he  will  do  so  in  a  feeble 
manner,  with  nmch  trembling  and  shaking  of  the  trunk,  nnd  it  seems 
difficult  for  him  to  retain  his  balance  or  to  stand  alone,  oscillating 
movements  of  the  body  anrl  of  the  head  being  constant.  When  he 
is  up  he  seems  unable  to  decide  what  to  do,  whether  to  remain  stand- 
ing or  to  sit  down,  and  acts  in  a  dazed  manner.  There  is  rarely  any 
loss  of  sensibility  to  touch,  temperature,  or  pain»  but  sometimes 
the  patient  appears  to  be  deaf,  and  in  some  cases  the  eyesight  is 
affected. 

The  patient  may  remain  in  this  condition  for  several  weeks,  grad- 
ually losing  strength  and  weight,  and  finally  dying  of  some  compli- 
cation, such  as  obstinate  constipation,  cystitis,  or  bed-sores.  A  pro- 
gressive emaciation  and  a  condition  of  extreme  anaemia  or  of  nephritis 
are  not  uncommonly  observed  in  the  course  of  the  disease. 

Optic  neuritis  has  been  occasionally  found.  In  these  cases  brain 
tumor  may  be  suspected  and  cannot  be  excluded. 

Treatment.  It  is  so  seldom  that  one  can  make  a  diagnosis  of 
pach>"meningiiis  interna  hemorrhagica  that  it  is  almost  futile  to 
speak  of  treatment.  Ice  to  the  head,  or,  better,  applications  of  the 
actual  cautery/ may  relieve  the  headache.  Purgatives  of  a  drastic 
kind  may  also  be  used.  When  an  attack  of  an  apoplectic  nature 
occurs  it  is  to  be  treated  as  a  cerebral  hemorrhage.  It  is  rarely 
possible  to  operate  for  the  removal  of  such  a  hemorrhage  at  the  time 
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of  its  omiiTeiice.  There  niiiy  be  iodications  which  justify  an  opera- 
tion later,  as  iii  the  following  case: 

A  child,  aged  nine  years,  had  a  severe  fall  on  the  head,  that  was 
followed  by  coma  lasting  several  hours,  after  which  a  left  hemiplegia 
was  discovered.  This  subsided  entirely  in  the  course  of  two  weeks, 
but  he  continued  to  have  severe  headaches,  and  after  two  months 
attacks  of  Jacksonian  epilepsy  on  the  left  side,  beginning  in  the  hand, 
commenced.  These  kept  up  with  increasing  frequency  for  six  months, 
not  being  controlled  by  bromides.  He  was  then  operated  upon  by 
MeCosh,  a  large  bony  flap  being  made  and  free  access  to  the  brain 
being  had.  The  inner  surface  of  the  dura  over  the  motor  area  of  the 
brain  was  covered  by  a  thin,  velvet-like  layer  of  tissue  which  bled 
freely  on  being  touched.  This  was  adherent  to  the  pia  over  the 
middle  third  of  the  posterior  central  convolution,  but  wai^  easily 
stripped  off.  It  wa.s  removed  by  a  curette,  the  hemorrhage,  which 
was  trifling,  being  controlled  by  pressure,  and  the  dura  was  united 
and  the  wound  closed.  The  child  recovered  from  the  oix^ration 
and  had  had  no  return  of  the  Jacksonian  fits  at  the  end  of  two 
years. 

The  operation  was  undertaken  on  the  belief  that  a  cortical  trau- 
matic hemorrhage  had  left  a  cyst  wliich  was  causing  the  epilepsy  and 
which  might  be  removed.  The  discovery  of  the  condition  of  pachy- 
meningitis interna  hemorrhagica  wiis  a  surprise.  The  ease  with 
which  tlie  hiematoma  was  stripped  off  led  to  the  idea  that  it  was 
merely  the  remains  of  a  flat  clot,  but  microscopic  examination  showed 
it  to  be  an  organized  membrane  with  capillaries  identical  with  that 
found  in  pachymeningitis  interna. 


MUNINGIAL  HIMOEEHAGE. 


Hemorrhage  from  the  middle  meningeal  artery  occurs  either  wit 
or  witliout  fracture  of  the  skull  as  the  result  of  trauma.  In  Fig.  27J 
the  sites  of  the  most  common  varieties  of  meningeal  hemorrhage  are 
shoTsvm.  These  hemorrtiages  are  l>etween  the  bone  and  the  dura. 
The  symptoms  of  such  hemorrhage  are  general  and  local.  After  a 
blow  or  fall  on  the  head,  with  or  without  apparent  fracture^  for  frac- 
ture of  the  internal  table  may  not  be  evident,  the  patient  becomes 
comatose  and  is  found  to  be  paralyzed  on  one  side,  with  the  pupil  on 
the  side  of  the  injury  very  wiflely  dilat^-d  and  not  responsive  to  light 
The  coma  may  not  be  deej),  the  {latient  l>eing  rather  in  a  deep  stupor, 
and  this  may  continue  with  varying  degi-ee  until  tlie  i)n*ssure  is 
relie\xul  by  trephining.  Or  consciousness  may  be  regained  slowly, 
and  then  either  (1)  aph^isia,  or  (2)  hemiplegia,  or  both  together,  or 
(3)  hemiana'sthesia,  or  (4)  hemianopsia  are  discovered  aceordin|{  to 
the  position  of  the  hemorrhage,  which  causes  a  diffuse  compreaskiii 
of  one  hemisphere.  Such  cases  slmnld  l>c  trephined  as  soon  as  the 
diagnosis  is  made  and  the  torn  vessel  tied  and  the  clot  removed. 
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Hemorrhage  insiilr  of  tlie  dorUp  either  from  its  vessi^ls  or  from  some 
vessel  in  the  pia  mater  is  also  caused  by  tramiia  with  or  without 
fracture  of  the  skull,  Hemorrhages  which  occur  in  infants  during 
labor,  from  delayed  or  instrumental  delivery,  are  usually  inside  the 
dura  anti  result  in  a  large  clot  spread  out  on  the  surface  of  the  brain. 
In  some  ca.ses  the  vessc^l  torn  is  a  large  one  and  the  clot  is  rapidly 
formed,  prot luces  great  pressure,  and  death  follows. 

In  other  cases  the  vessel  is  a  small  one  and  the  clot  extends  slowly; 
the  symptoms  then  gradually  increaf^t*  during  several  hours  or  even 
days  until  the  bleeding  ceases,  and  then  suliside  more  slowly  still  and 
only  in  part.  In  infants  the  existence  of  such  a  pressure  by  a  large 
clot  may  prevent  the  prcx-ess  of  development  of  the  brain  and  k-ad 
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The  menlDgeftl  crtery  iinrl  Iti  relRtlon  to  tbe  fiasures  of  Rolauiio  and  dylvlui.  L  Area  ot  a 
hemorrhage  IVom  the  main  itrten*.  causing  hemiplegia  and  aphAsIa,  IV  A  rot  of  a  hemorrbiige 
from  Ibe  aoterlor  bmnch.  causing  menULl  dulness  and  apbuHla  HI.  Area  of  a  beiDCMTlUMce  fmm 
the  potterlor  bninehee,  causing  seuiory  apboala  atitl  bemianopsla. 

to  atrophy  and  sclerosis.  (See  Chapt  er  XXVII.)  The  general  symp- 
toms of  pressurt^  are  dimiriisliiM^coiisciousness  to  the  degree  of  stupor, 
or  even  coma,  headache,  a  slow  pulse,  vomiting,  and  possibly  diffi- 
culty of  res]jii*ation,  and  a  rise  of  tem|XTature.  The  local  sjTnptoms 
are  those  of  compression  of  some  part  of  the  hemisphere.  This  is 
usually  on  the  side  of  the  injury,  but  occasionally  on  the  opposite 
si<h\  A  dilatpd  [aipil  on  tla*  side  of  the  lesion,  deviation  of  head  and 
eyes  to  that  sifle,  and  aphasia,  symptoms  of  paralysis,  or  loss  of  sensa- 
tion or  of  sigld  oil  tlie  opposite  side,  are  the  local  symptoms,  and  their 
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value  is  to  l)e  estimated  as  in  cases  of  cerebral  hemorrhage.  WTieoi 
these  symptoms  presist  for  more  than  I  wo  weeks  there  is  evidence 
of  continued  pressure,  and  it  is  not  likely  tliut  a  clot  large  enough  to 
cause  them  Mill  Ix*  absorbed,  hence  it  nuist  l)e  removed.  The  treat- 
ment, therefore,  should  be  by  trephming.  The  following  ciise  is  a 
good  illustration  of  this  condition: 

A  physician,  aged  forty  years,  was  thrown  from  his  carriage  on 
August  17»  1889.  He  was  slightly  stunned  by  the  fall,  but  had  no 
woimd,  and  was  able  to  he!p  his  wife,  who  appeared  to  be  injured, 
to  reach  home.  For  several  hours  he  seemed  to  Ix^  suffering  merely 
from  bruises^  and  was  able  during  the  afternoon  to  convei^se  with  a 
patient  and  to  athninister  a  hypCHlennjc  injection.  Tn  the  course  of 
the  e\Tning,  however,  he  became  delirious,  then  stuind,  and  for  the 
folkjwing  three  days  he  hiy  in  a  semi-comatose  condition.  On  the 
morning  after  the  injury  he  was  found  to  be  eomijletely  lieniii)legic 
on  the  right  side,  and  aphasic.  When,  after  a  week,  his  conscious- 
ness had  fully  returned^  it  apj^eared  that  the  aphasia  was  purely 
motor,  as  he  could  understand  what  was  said  to  him,  and  could  read. 
The  hemi|>lt^gia  was  attended  by  a  partial  ana'sthesia,  the  paralyzed 
limljs  felt  numb,  were  less  sc^nsitive  to  touch  and  to  pain,  but  acutely 
sensitive  to  cold  and  to  heat.  In  this  condition  he  remained  until 
December,  when  he  was  brought  to  New  York  and  admitted  to 
Roosevelt  IIospitaL 

On  exaTnination,  the  patient,  a  large  man,  was  unable  to  say  any- 
thing, even  "yes"  or  '*no,"  the  vowel  sounds  being  the  only  sounds 
produced  by  effort.  He  evidently  understood  questions,  and  at- 
tempted to  reply  by  gestures  and  by  trying  to  write  with  liis  left 
hand.  It  was  noticed,  however,  that  he  was  mentally  dull,  so  that 
the  result  of  tests  of  muscular  sense  were  not  satisfactory,  though  he 
could  be  tested  for  tactile  and  pain  senses,  which  were  found  to  be 
impaired  on  the  paralyzed  side.  He  was  emotionally  unstable, 
laughing  too  reaflily.  and  at  times  api>earing  to  be  much  depressed. 
Ophthahnosco]>ic  ap]>earances  were  normal.  Sight  and  hearing 
were  normal.  The  right  hemiplegia  was  partial.  He  could  turn  hid 
eyes  in  all  directions,  Init  could  not  turn  his  head  to  the  right,  Hi« 
left  pupil  was  one-tliird  larger  tlian  the  right  pupil,  but  both  reacted 
normally.  His  face  was  slightly  flat  but  not  paralyzed,  and  his 
tongue  protruded  straight.  His  arm  was  almost  totally  paraly«ed» 
the  only  motion  possible  being  a  slight  abduction  at  the  shoulder. 
His  leg  could  be  moved  a  little  at  the  hip  and  knee,  and  when  held 
up  by  two  f>ersons  he  could  drag  the  leg  forward  a  little,  but  could 
not  stand  alone.  The  hauil  was  flexed  luid  jironatetl,  the  leg  was 
extended;  both  were  very  rigid,  and  all  the  deep  reflexes  were  greatly 
exaggerated,  so  that  wrist  and  finger  clonus,  a*s  well  as  patella  and 
ankle  clonus,  w^ere  easily  produced.  He  controlled  his  sphincters  per- 
fectly.    There  were  no  scars  upon  the  head. 

It  seemed  probable  that,  as  a  result  of  the  fall,  them  had  been  a 
ruptme  of  a  small  vessel  from  which  vrry  slow  hemnrrhage  had  taken 
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place;  the  ves8«.^l  was  thought  to  be  a  vein  rather  than  an  artery, 
because  of  the  ver)^  slow  ilevelopment  of  the  syiiif>toins.  The  situa- 
tion of  the  clot  was  thought  to  te  upon  the  suj-face  and  not  within 
the  left  honiisphere.  and  it  was  loeat<Hl  upon  the  ])ostpnor  part  of  the 
third  frontal  convolution  and  over  the  anterior  central  convolution 
in  its  middle  third,  a^  shown  in  the  diagram*  A  flat  clot  in  such  a 
situation  might  fail  to  compress  the  face  area  antt  could  produce  an 
absolutely  total  motor  aphasia,  while  a  subcortical  or  cajKSidar  clot 
could  hardly  produce  total  permanent  motor  a|)hasia  and  imralysis 
of  the  arm  without  producing  paralysis  of  the  face  and  tongue.  On 
the  strength  of  this  diagiiosis  it  was  thought  best  to  operate. 

FIO.  274, 
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Menlnf'eftl  bemotrbige.    Xh€^  <iituii.Uon  oi  the  elotj  catixjng  apbAsiA  and  right  bemlplegis, 
RemDval  resulted  Id  recover>%    (Starr  and  McBumey.) 

On  December  13,  1889,  McBurney  trephined  tlve  skulL  The  tre- 
phine was  applied  at  a  point  one  aufl  sevetw^ghths  inches  behind, 
and  seven-eighths  of  an  inch  above  the  external  angular  process  of 
the  frontal  bone,  and  the  oix'ning  was  then  enlarged  by  the  rongeur 
forceps  upward  and  backward,  the  dura  being  laid  bare  over  an  ovale 
area  three  by  two  inches.  The  dura  did  not  pulsate.  On  opening 
the  dura  the  jiia  was  found  to  be  very  <pdemalous  and  discolored^ 
and  the  surface  of  the  brain  was  separated  from  the  dura  by  a  space 
half  an  inch  in  rlcpth,  and  diil  not  pulsate.  Tlie  clot  was  s<>en  lying 
l>eneath  the  ]>ia  upon  the  posterior  part  of  the  third  frontal  convolu- 
tion and  exteiuling  over  tlie  anterior  central  convolution  in  a  thin 
layer  (marked  in  lines  on  the  diagram)  into  the  fissure  of  Rolando, 
which  was  fillerl  with  a  larger  clot  lying  in  the  situation  shown  in  the 
diagram  and  extending  downward  so  jxs  to  fill  up  and  distend  greatly 
the  cul-de-sac  at  the  lower  en*  I  of  the  fissure.  The  clot  had  not  covered 
the  lower  third  of  the  anterior  central  convoluHon  and  had  not 
reached  the  upt>er  quarter  of  the  fissure  of  Rolando,  The  lirain,  at 
a  flistance  of  an  inch  about  it,  appeared  to  be  healthy  and  pulsated, 
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but  the  parts  of  the  cortex  on  which  the  clot  lay  were  pulseless  and 
stained  a  yellowish-red.  After  the  pia  had  been  incised  the  clot  was 
removed  little  by  little  by  iSne  sponges,  at  least  a  drachm  of  partly 
organized  clot  being  taken  out  of  the  fissure  of  Rolando.  The  retrac- 
tion of  the  brain  from  the  skull  was  even  more  evident  when  the 
operation  was  complete.  The  operation  was  done  under  strict  asep- 
tic precautions,  and  was  not  followed  by  any  rise  of  temperature. 
The  wound  was  dressed  in  the  open  method,  being  packed  with  gauze 
and  drainage  tubes  being  inserted.  On  renewing  the  dressings  three 
days  subsequently  to  the  operation  it  was  found  that  the  entire 
surface  of  the  brain  was  pulsating  normally  and  that  the  brain  surface 
presented  a  normal  color  and  appearance.  After  a  week  the  drainage 
tubes  were  removed,  and  after  three  weeks  the  wound  had  entirely 
healed,  the  level  of  the  scalp  at  the  bottom  of  the  cavity  being  an  mch 
below  the  normal  level. 

On  the  evening  of  the  day  of  operation  the  patient  said  "  yes  "  and 
"  no  "  for  the  first  time  since  the  injury,  and  after  that  time  his  recov- 
ery of  speech  and  of  power  was  progressive.  After  a  few  days  it  was 
noticed  that  he  was  much  more  intelligent  and  no  longer  emotional. 
Power  in  his  leg  began  to  increase  very  soon,  and  two  months  after  the 
operation  he  was  able  to  walk  with  a  cane.  The  return  of  speech  was 
slow  but  continuous,  and  it  appeared  as  if  he  were  learning  a  new 
language.  He  repeated  words  after  another  until  he  had  learned 
them.  He  talked  in  monosyllables  for  the  first  three  months,  then 
he  began  to  put  two  words  together,  and  then  used  short  sentences 
of  three  or  four  words.  Fifteen  months  after  the  operation  he  was 
able  to  practise  medicine  in  his  native  town,  was  able  to  w^alk  with- 
out a  cane,  could  name  at  once  any  object  shown  to  him,  but  in 
talking  used  only  a  few  words  at  a  time,  not  speaking  fluently,  wTote 
with  his  left  hand,  and  had  it  not  been  for  the  loss  of  power  in  the 
right  hand,  might  have  been  considered  fairly  well.  The  paralysis 
of  tlie  right  hand  remained,  and  with  it  a  marked  diminution  of 
tactile  and  pain  senses,  two  points  being  felt  as  one  when  two  centi- 
metres apart  on  the  tips  of  the  fingers.  The  muscular  and  tempera- 
ture senses  were  perfect.  He  could  move  the  arm  and  forearm  in 
all  directions  with  much  force,  and  could  supinate  the  hand,  but 
niovcnients  below  the  wrist  were  very  slight,  the  fingers  being  flexed 
and  rigid.  The  reflexes  were  much  less  exaggerated  than  before  the 
operation,  clonus  not  being  elicited  excepting  at  the  ankle:  the  head 
could  be  turned  in  any  direction,  and  the  pupils  were  equal.  In  this 
condition  he  remained  for  ten  years,  until  he  died  of  pneumonia. 


CHAPTER    XXXVIII. 

CEREBRAL  MENINGITIS. 

Epidemic  Cerebro-spinal   Meningitis.     Endemic  Meningitis;  Hydrocephalus.     Septic 
Meningitis.   Secondary  Meningitis.    Tuberculous  Meningitis.  Syphilitic  Meningitis. 

Meningitis  is  an  inflammation  of  the  pia  mater.  It  is  an  acute 
disease  in  the  majority  of  cases,  and  is  then  of  bacterial  origin.  There 
are  several  classes  of  cases: 

1.  Epidemic  cerebro-spinal  meningitis,  or  spotted  fever,  which  is 
due  to  the  invasion  of  the  pia  by  the  diplococcus  intracellularis. 

2.  Endemic  meningitis  of  infants  due  to  infection  by  various  micro- 
organisms. 

3.  Septic  meningitis,  which  occurs  with  wounds,  fractures,  and 
operations,  or  after  otitis  media,  and  is  due  to  the  invasion  of 
the  pia  by  streptococcus  or  staphylococcus;  and  secondary  menin- 
gitis which  occurs  as  a  complication  of  pneumonia,  ulcerative 
endocarditis,  empyema,  typhoid  and  typhus  fever,  influenza,  the 
eruptive  fevers  of  childhood,  erysipelas,  and  in  fact  any  form  of 
disease  due  to  a  micro-organism.  In  these  cases  the  germ  of 
the  disease  attacks  the  pia  mater,  and  has  been  found  in  it.  The 
list  of  bacteria  which  have  been  detected  in  the  pia  is  increasing 
daily,  a  large  variety  having  thus  far  been  found.  There  is  no  special 
bacillus  of  meningitis,  though  various  investigators  have  isolated 
various  forms  and  made  a  claim  to  its  exclusive  causative  action. 
Thus  Still  has  found  a  diplococcus  allied  to  that  of  cerebro-spinal 
meningitis,  Weichselbaum  has  described  a  meningococcus  intracellu- 
laris, and  Babes  a  micrococcus  lanceolatus. 

4.  Tuberculous  meningitis,  due  to  the  direct  invasion  of  the  pia  by 
the  tubercle  bacillus. 

5.  Syphilitic  meningitis,  due  to  an  exudation  of  gummy  material 
into  the  pia  mater. 

The  entire  pia  of  the  convexity  and  of  the  base  may  be  involved 
in  the  inflammation,  but  certain  forms  of  meningitis  appear  to  select 
certain  locaUties.  Thus  in  the  epidemic  form  the  entire  pia,  both 
of  the  brain  and  of  the  spinal  cord,  is  invaded.  In  the  septic  and 
secondary  forms  the  pia  of  the  convexity  is  particularly  affected,  and 
that  of  the  base  may  escape.  In  these  cases  the  process  may  be 
localized  in  a  small  area.  This  occurs  especially  after  wounds,  after 
otitis  media,  and  nasal  disease.  In  meningitis  of  infants  the  base  is 
particularly  affected  and  hydrocephalus  is  a  frequent  result.  In 
tubercular  meningitis  the  pia  on  the  base  alone  may  be  the  portion 
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iniiamerlj  hence  this  form  hfivS  been  na,ined  basilar  meningitis.  In 
syphihtic  nioniiigitis  the  pia  on  the  base  near  the  i)osterior  j>:'rfDrat-ed 
space  and  about  the  cms  cerebri  or  at  the  sides  of  the  medulla  and 
pons  is  usually  affected.  It  is  evident  that  this  difference  in  location 
will  cause  a  great  difference  in  the  symptf>iiis  of  the  various  types. 
Pathology.  After  a  short  pi'riod  of  hyi>era*niia  the  congested  pia 
becoines  covered  with  an  exudation  of  senini,  lyniph^  fibrin^  and  pus. 
The  serum  infiltrates  its  meshc^s  and  collects  between  the  pia  and  the 
brain,  making  the  latter  (edematous.  It  also  collects  below  the  arach- 
noid, lifting  this  so  that  it  appears  to  contain  cysts.  The  fibrin  is 
deposited  in  flakes  on  and  in  the  pia,  rendering  it  less  transparent 
than  normal  and  covering  it  and  the  t>rain  witfi  a  thick  opaque  lyraph. 
The  pus  is  infiltrated  through  the  meshes  of  the  pia,  and  as  it  increases 
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in  amount  fills  up  the  space  between  the  convolutions  along  the  lines 
w^here  the  pia  dips  down,  then  it  collects  in  the  sulci,  and  finally  may 
form  masses  of  ayellowisli-green  color,  covering  thesurfaee  and  filling 
up  its  irregular  spaces.  The  cortex  of  I  lie  brain  on  which  this  serous 
antl  purulent  exudatinn  lies  soon  becomes  affected ;  in  fact,  m  e\'ery 
case  one  has  to  deal  rallier  with  a  meningo-encephalitis  than  \i*ith  a 
simple  meningitis.  The  cortex  is  greatly  congested.  Wherevi-r  tlie 
pial  vesst^ls  dip  into  the  cortex,  scTum,  lymph,  and  pus  are  exuded^ 
and  small  hemorrhages  and  httle  collections  of  pus  are  found  evert' 
where  in  the  cortical  layers.  Occasionally  large  areas  of  softening 
or  little  abscesses  are  found  in  the  brain,  Th#  pia  covering  the  cere- 
bellum and  the  cranial  nerv^es  is  similarly  affected,  and  in  eases  where 
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the  process  extends  downwanl  the  pin  along  tlie  entire  length  of  the 
spinal  cord  may  bo  inflamed  and  covered  with  lymph  and  pus. 

The  pia  extends  into  the  vetricle.s,  and  hence  a  similar  process  goes 
on  there,  resulting  in  an  effusion  ami  constMiueiU  <listention  of  the 
ventricles  with  s€Tum,  which  soon  contains  flocculi  of  librin  and  pus. 
The  cerebro-spinal  fluid  contains  similar  flocculi,  cells,  ami  fi^ec?  bac- 
teria, and  hence  by  lumbar  puncture  and  examination  of  the  fluid 
obtained  the  diagnosis  of  meningitis  can  always  Ix'  made. 

In  cases  in  infants  which  last  for  more  than  a  week  a  distention 
of  the  skull  commences,  due  to  this  aecunmlation  of  fluid  in  the  ven- 
tricles, and  this  results  in  a  separation  of  the  sutuni'S,  which  goes  on 
until  a  hydrocephalic  shajM?  of  the  head  and  a  great  increa^  in  it^ 
size  is  produced. 

The  collection  of  fluid  in  the  lateral  ventricles  only  occurs  when 
an  adhesion  has  formed  in  the  membranes,  closing  the  foramina  and 
obstructing  the  free  communication  between  the  ventricles  and  the 
subarachnoid  space.  The  choroid  plexuses  of  the  ventricles  and  the 
epithelium  covering  them  secrete  the  ccrebro-si>inal  fluid,  which  is 
not  a  mere  transudation  from  the  blood.  Being  constantly  secreied 
it  must  be  draineil  away  and  absorbed.  This  drainage  occurs  through 
the  cerebro-spinal  foramen  and  the  two  lateral  foramina  of  the  fourth 
ventricle  w^hich  establish  a  comnmnication  l>etween  tli**  ventricles 
and  the  general  subarachnoid  space.  The  lateral  ventricles  com- 
municate by  the  foramen  of  Mom^ie  w^ith  the  third  ventricle,  and  this 
empties  into  the  fourth  ventricle  by  way  of  the  aqueduct  of  Sylvius, 
the  minute  size  of  which  secures  a  slow  drainage.  If  any  obstruction 
occurs  to  such  a  flow,  either  by  compression  of  the  aqueduct  i>r  by 
closure  of  these  foramina,  an  accumulation  of  fluid  will  occur.  In 
meningitis^  particularly  of  the  base,  there  occins  an  adhesion  of  the 
membranes  or  an  effusion  of  lymph  which  closes  these  foramina. 
Drainage  being  impossible  fluid  accumulates  in  the  ventricles  and 
causes  hydrocephalus.  Barlow*  believes  that  in  many  causes  of  con- 
genital hydroccphahis  and  of  chronic  hydrocephalus  developing 
slowly  without  symptoms  of  meningitis,  a  slight  attack  or  a  low  grade 
of  meningitis  has  occurred  at  the  outset  which  has  not  been  noticed 
or  has  recovered.  In  the  majority  of  cases  of  meningitis  in  infants, 
if  death  dm?s  not  take  place  before  the  third  week,  hydrocephalus 
appears.    (See  page  536.) 

In  tuberculous  meningitis  there  is  rarely  an  exudation  of  pus. 
There  is  a  deposit  of  miliary  tubercles  tlirough  the  fiia,  both  diffuse 
and  in  conglomerate  masses.  These  are  snjall  white  egg-shaped 
bodies,  usually  first  ap|K*aring  along  the  bloodvessels  and  always 
found  on  their  walls.  An  exudation  of  serum,  lymph,  and  fibrin  occurs, 
and  these  form  a  thick  niucilaginoaH  material  iti  which  the  miliary 

Itulx^rcles  are  unbedded.     This  process  is  always  much  more  marked 
about  the  base  of  the  brain,  w^here  the  many  irregular  spaces  are  filled 
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with  the  new  iiiateriaL  It  may  extend  to  the  convexity,  however, 
and  then  the  exudation  is  more  evident  along  the  sulci  and  fissures, 
especially  in  the  fissure  of  Sylvius.  The  miliar}^  tubercles  may  be 
found  scattered  widely  over  the  entire  extent  of  the  pia  and  in  the 
ventricles.  The  ventricles  are  always  distended  with  cloudy  senim 
in  which  fibrin  and  blood  are  found.  This  distention  may  be  extreme 
and  may  procluce  hydrocephalus.  The  exudation  surrounds  the 
nerves  upon  the  base  and  causes  a  neuritis.  A  diffuse  encephalitis 
of  the  cortex  or  a  hemorrhagic  encephalitis,  either  localized  or  general, 
may  accompany  tubercular  meningitis.  Masses  of  tuterculous  mate- 
rial in  a  state  of  cheesy  degeneration  are  also  found  in  the  membranes 
or  in  the  brain  in  sonie  cases.     (Fig.  229,  page  586.) 

Syphilitic  aieningitis  is  characterized  by  a  serous  and  fibrinous 
exudation  in  the  membranes  atteiuled  by  a  deposit  of  mucilaginous 
material  of  a  giminn^  nature  which  is  semi-translucent,  thick,  and 
viscid,  and  wliich  surrounds  the  nen^es  and  fills  up  the  spaces  on  the 
base  or  in  the  sulci  of  the  convexity.  It  l^egins  to  appear  along  the 
bloodvessels,  but  soon  becomes  extensive.  It  is  not  attended  by  the 
production  of  pus,  and  tliere  is  not  often  any  exudation  of  serum  mto 
the  ventricles.  The  exudation  invades  the  cranial  nerves,  esi:)ecially 
the  optic  and  oculomotor,  and  causes  a  degenerative  neuritis.  The 
pia  is  thickened  hy  a  production  of  connective  tissue  whicli  causes 
its  firm  adhesio!!  to  the  dura  and  to  the  l>rain.  Areas  of  softening 
on  the  cortex  are  commonly  found.  (See  Fig.  237,  page  393,) 
The  characteristic  syphilitic  endarteritis  is  always  present  in  the 
arteries  of  the  base.     (See  Fig.  211,  page  494.) 

Limibar  jamcture,  first  done  by  Quincke  in  1891,  is  a  valuable  aid 
to  diagnosis  in  all  fomis  of  meningitis.  The  patient  is  plaeed  on  the 
left  side,  the  legs  beiiig  drawn  u]>  and  the  body  bent  far  forward.  A 
line  is  drawn  between  the  posterior-sui.M?rior  edges  of  the  ilia,  which 
will  pass  across  the  space  l)*^1ween  tlie  third  and  fourth  Im'iihar  xer- 
tebra*.  The  lower  edge  of  the  spinous  process  of  tlie  third  lumbar 
vertebra  is  fomid,  and  puncture  is  made  by  a  long  hypodermic  ne^e 
just  below  this  in  children,  and  1  cm,  to  one  side  of  it  in  adults. 
The  h}^Jodermic  needle  is  thrust  in  between  the  lamime,  and  should 
be  pointed  a  little  ujiwanl  and  inward.  It  can  Ije  felt  to  jx^netraie 
the  membrane,  and  then  its  ixmit  can  l>e  moved  more  freely  than  in 
the  solid  tissue.  The  sjTinge  is  then  unscrewed  from  the  needle  and 
the  flui<l  allowed  to  run  out.  It  nmst  never  \ye  exhausteil  by  suction. 
A  small  trocar  may  be  employed  in  place  of  a  hypfKlermie  neetile. 
A  few^  cubic  centimetres  only  of  the  fluid  is  to  Ik*  taken  in  a  test  tube. 
The  pressure  under  which  it  flows  is  to  Ije  noticed,  and  if  it  spurts 
out  of  the  needle  the  internal  pressure  is  abnormally  high.  Thia 
occurs  in  meningitis.  K  it  v,i\\  not  run  the  patient  s  head  and  body 
may  be  elevated,  and  thus  a  few  dro])s  may  be  obtained.  It  is  umially 
easy  to  obtam  10  c.cm.  Normal  cerebnvspinal  fluiil  is  clear,  straw- 
colored  and  contains  a  few  cells  and  not  more  than  0.2  jjer  cent,  oi 
albumin.    In  meningitis  it  is  cloudy,  contains  a  little  blood,  Soc^^tdi 
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of  fibrin,  pnlymicleiir  loucocytes,  jais,  anH  niicro-organistii^^.  It  usu- 
ualiy  roiitaiiijs  inure  athumiri  tlian  normal.  On  stJimlin^  thn  eerebro- 
spiiial  fluid  coagulaU^s,  and  the  ef>ag\iUnii  ft^nns  more  ^jnickly  in  ra.seis 
of  meningitis  atul  is  firmer  than  in  health.  It  us  the  existence  of  pus, 
leucocytes!,  and  bacteria  which  are  the  mast  important  diagnostic 
signs  of  meningitis.  Cultures  sliould  always  l)e  miuh*  of  the  Huid. 
The  finding  of  streptococcus ,  staphylocoeciL<,  jjncumococcus,  or 
micrococcus  intnvcelliilaris,  or  of  tulierch*  bacilli,  makes  it  certain 
that  a  meningitis  is  present.  In  tul>erculous  meningitis  mononuclear 
lyrnplioid  cells  are  also  found,  wliile  in  the  other  forms  polynuclear 
cells  are  more  connnon, 

Sjnnptoms.  1.  Epidemic  Oerebro-spmal  Meningitis.  The  diseas€% 
though  occasionally  occurring  in  e|>itl{^mic  fonn,  particularly  in  winter 
and  s|>ring,  btjth  in  cities  and  in  the  coiuitry,  is  more  connnonly  seen 
BB  a  sporatlic  affection,  and  is  quite  rare.  Children  are  more  susce]>~ 
tible  to  the  infection  than  adults.  Unwholesome,  dirty  surround- 
ings, malnutrition,  and  overexertion,  either  mental  or  physical,  are 
supposed  to  make  one  more  susce]>tible.  Though  infectious,  the 
disease  is  not  cnntagious,  and  is  nol  carrinl  in  clothing. 

The  perioti  of  incubation  is  not  determined. 

The  symptamsap]M*ar  ."Suddenly,  witli  a  t*hill,teiMfH*ralure  tif  104°  F. 
or  liigher,  full  rapid  pulse,  headache,  pains  in  the  ba(*k,aml  vomiting, 
which  is  projectile.  Tlie  patients  feel  very  ill,  are  i-estless  and  irri- 
tal>le,  and  soon  complain  of  light  and  soimd.  Stupor  and  coma  come 
on  rapidly.  \\'ithin  a  day  or  two  ui  the  onset  the  headache  beeomes 
very  intense*  and  stillness  in  the  back  (^f  the  neck  af)pears,  which  is 
very  painful.  The  !iead  is  held  rigid  or  is  drawn  back,  the  back  also 
l>ecoines  stiff,  so  that  cliildren  can  l»e  rai.S'd  from  the  Ix^d  l>y  lifting 
the  back  of  the  head,  and  a  state  of  ojiisthotomis  develops,  atteinled 
by  gn^at  pain  in  t!ie  back  and  lim!)s  and  extren^^  hyfK'ra»st!iesia  to 
all  forms  of  sensation.  The  slightest  touch  causes  great  pain.  In 
adtlition  to  the  rigidity  of  the  muscles  there  are  occasional  sijasnis 
of  a  clonic  or  tonic  kind  in  the  extremities,  the  face,  too,  l)eing  drawn, 
and  tremor  in  the  limbs  may  Ix*  observed.  The  pupils  are  ililated, 
and  sonjfiimes  unequal,  and  dn  not  react  tn  light.  (Jrinding<)f  the 
teeth  anil  strabisnms  are  early  syTn])tnnis. 

Within  two  days  of  tlie  on.'^et  delirium  of  an  active  cliaracter 
begins,  and  this  continues,  alternating  with  stupor  and  coma,  for  a 
long  time.  The  mind  is  always  clouded  and  filled  with  illusions,  and 
the  patients  have  no  memory  of  what  has  occurred  when  they  rt'cover. 
The  delirium  may  at  times  Ik*  wild,  and  is  ahvays  worse  at  night  and 
w^hen  the  temperature  rises.  After  tfie  third  day  an  eruption  a]>|>ears 
in  tlie  majority  of  ca.ses,  though  it  is  not  an  invariable  symptom.  It 
is  (petechial,  <liffuseil  tjver  the  entire  l>ody,  l)Ut  dee[>er.  and  purple  in 
spots.  Her|x\s  apiK*ars  on  the  lips  early;  erythema,  pemphigus,  and 
gangrf^iie  of  the  skin  have  all  l>een  seen  in  various  cases  in  addition 
to  the  j)etechiie.  Any  scratch  on  the  skin  leaves  a  clark  red  stripe, 
Llie  i^i'ht  cerebrale  of  Trousseati.      The  gastro-intestinal  functions 

46 


722 


CEREBRAL  MENINaiTLS. 


arc  affec'teii  from  the  start,  naust*a,  vomiting,  (liarrhtra,  or  more  com- 
nioiily,  obstinate  constipation  being  prestmt.  The  urine  contains 
albumin,  casts,  and  sometimes  blootL  It  is  sometimes  retained,  but 
may  be  piussed  involuott^rily,  as  are  also  the  feces.  The  spleen  is 
eohirged.  Contractures  sooii  develop,  and  the  limbs  are  flexetl  until 
paralysis  ensues  and  they  rehix.     Tlie  re  Hexes  are  increased. 

There  are  some  eases  of  a  malignant  type  which  end  within  the  first 
two  or  three  days.  Many  cases  prove  fatal  within  a  week.  If  the 
patients  do  not  die  of  fever  or  of  heart  failure  within  a  week  of  the 
onset  they  usujdly  luave  a  remission  in  the  symptonis,  but  these 
return  again,  and  the  case  may  go  on  for  many  weeks  with  var>ing 
intensity.  There  is  no  tyincal  temperature  cur\'e,  and  great  varia- 
tions are  possil>k\  In  one  patient  wlio  recnvered  I  saw  a  rise  on  five 
occasions  during  two  months  to  106"^  F.,  the  ordinary'  variation  being 
t)etween  101*^  and  WS°  F.,  with  occasional  falls  to  normal  A  sudden 
rise  or  a  sudtlen  fall  is  unfavorable.  The  temperature  may  be  inter- 
mittent. The  jHilse  niay  be  rajud,  especially  in  children,  or  it  may 
be  as  slow  as  ff»rty  fxT  niitrnte.  It  is  frequently  intermittent.  The 
respiration  is  irregular,  at  times  of  the  C'heyne-Stokes  variety,  and 
attended  by  sighing  and  yawning.  It  is  sometimes  difficult  to  feed 
and  care  for  those  patients,  as  they  resist  in  their  delirium  all  attempts 
at  musings  and  rapid  and  extreme  emac^iation  results.  The  most 
prominent  symptoms  during  the  long  illness  are  headache,  delirium, 
stuj>or,  insomnia,  rigidity  of  the  nmscles,  especially  of  the  neck  and 
back,  hypersensitiveness  to  touch,  to  sound,  and  to  light,  and  a 
gradual  loss  of  voluntary  [>ower. 

The  cranial  nerves  are  almost  always  seriously  affected.  Strabisi- 
mus,  which  develops  early,  persists.  It  is  often  attended  by  nyst^- 
mils.  Vision  may  tie  obscured  by  keratitis,  and  optic  neuritis  And 
atrophy  may  develop  and  finally  render  the  patient  blincK  though 
in  two  patients  I  have  seen  a  partial  recovery  of  sight.  sect4^r-hke 
liefects  in  the  visual  field  renuiining.  Deafness  is  a  common  symp- 
tom, flue  to  otitis  media  or  to  an  affection  of  the  auditor>'^  nen^e,  and 
may  be  permanent,  leading  to  deaf-nuitism  in  children.  Difliculty  in 
swallowing  and  in  articulation  are  obstTved  in  many  cases.  (.Jeneral 
convulsions  may  occur  from  time  to  time  in  the  conrs**  of  the  case. 

The  most  i^iermanent  of  all  the  symptoms  is  a  state  of  mental  apathy 
and  indifference-  Even  after  the  delirium  and  stupor  have  ))a^«d 
off  the  j>atients  may  show  no  mental  activity,  may  fail  to  control  thf» 
spliinctcrs,  may  not  recognize  their  parents,  may  have  no  intertvst  in 
persons  or  events,  and  may  talk  with  gi*eat  tlithculty.  I  liave  seen 
these  symptoms  remain  for  s€*veral  weeks  after  tlie  temperature  hat! 
become  normal.  In  the  patient.s  w^ho  do  not  succumb  U)  general 
exhaustion  or  die  of  a  comiilicating  t>neuinonia,  arthritis,  or  cystitis, 
or  betl-sores,  there  is  a  very  slow  return  to  health,  and  .sometimt^s  it 
is  six  months  f»r  a  year  before  the  mental  ami  physical  symptoms  have 
entirely  disappeared.  The  severity  of  the  diseiise  lieperals  somewhat 
upon  the  character  of  the  ejiiilemic,  some  epidemics  Ix^ing  vfrj"  fatal, 
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in  some  the  iiiortality  beijig  75  per  cent.,  in  others  being  as  low  as 
20  per  cent.  In  some  epidemics  the  tendency  to  complications  seems 
to  be  great. 

In  sporadic  eases  the  prognosis  depends  on  the  intensity  of  the 
symptoms,  but  it  is  never  well  to  give  up  ho{x%  as  very  bad  cases 
may  recover. 

The  treatment  consists  in  supjjorting  the  strength  l)y  Hiiid  food  and 
alcoholic  stimulants,  given  oft^n  anil  freely;  in  the  application  of  ice 
to  the  head  and  sj^ine  in  bags,  or  of  ice- water  in  coils;  in  cool  bathing 
when  the  temperature  exceds  102°  F. ;  and  in  the  free  use  of  sedatives, 
of  which  bromides,  phenacetin  or  aeetanilid,  sylphonal,  and  Irionab 
and  in  many  cases  cotleia  or  morphine,  in  small  dose  fretjuently 
repeated,  are  the  best.  Stryelmine  should  never  be  given.  Some 
a\ithors  recommend  ergot  in  large  dost^s.  It  is  questionable  whether 
mercury  or  iodide  of  iiotassium  are  useful,  though  some  writers  urge 
their  use.  In  the  stage  of  recovery  iodide  is  useful  in  doses  of  twenty 
grains  three  times  a  day  for  adults. 

2.  Meningitis  in  Infants;  H^rdroc^phalus*  Infants  appear  to  be 
much  more  liable  to  the  infection  of  meningitis  than  adults,  and  in 
them  the  picture  of  the  disease  differs  greatly  from  that  already  pre- 
sented. Both  sexes  are  equally  liable.  The  majonty  of  eases  occur 
*!uring  the  first  and  second  years  of  life,  though  no  age  is  exempt. 
Barlow's  statistics  fioint  to  a  gi"eater  susceplilnlity  between  the  third 
and  sixth  months,  t'atarrlial  ih^^ases  of  the  intestines,  tironchi,  or 
nose  precede  the  onset  in  many  cases.  A  history  of  injury  to  the 
heat!  is  obtained  in  not  a  few. 

The  symptoms  develop  acutely,  and  are  well  marked  within  tkree 
days  of  the  onset.  Vomiting,  convulsions,  j-etractiiHi  of  the  liead, 
screaming,  and  irritability  of  temper  are  the  first  symptoms,  and  are 
soon  followed  by  slt»e|>in(*ss  and  languor,  b}'  bulging  of  the  fontanelle^ 
by  strabi.srnus  and  iiystagrtms,and  by  some  inequality  or  abnormality 
in  the  action  of  the  pupils,  by  chamj)ing  movements  of  tlie  lower  jaw, 
lips,  and  tongue,  and  by  extensor  spasins  of  the  limbs,  and  in  some 
cases  by  opisthotonus.  Paralysis  of  the  face  and  limbs  is  occasionally 
seen,  but  is  rare.  The  infant  undoubtedly  suffers  from  great  pain,  as 
is  shown  l>y  tlie  constant  crying  atid  screaming,  which  are  kept  up 
at  night  and  by  day,  and  by  pulling  its  hair.  Tliis  is  an  early  symp- 
tom, and  subsides  later  when  the  stage  of  hydrocephalus  is  reached. 
Irregularity  of  respiration  is  often  noted,  and  the  pulse  is  either  very 
fast  or  very  slow.  The  skin  is  flushed  and  shows  the  mark  of  any 
irritation  as  a  broad  rerl  line  or  spot.  The  temperature  varies  greatly 
between  ICMP  and  106°  F.  Th(*  abdomen  is  often  retracted:  consti- 
pation is  more  frcfiuent  than  diarrluea.  One  of  the  most  noticeable 
syiiii>toms  is  tlie  rapid  emaciation,  and  these  children  become  mere 
skeletons  in  the  course  of  a  couple  of  weeks.  Hydrocephalus  usually 
develops  in  the  second  week  of  the  distvase.  In  atldition  to  the 
increase  in  the  size  and  change  in  the  shape  of  the  head,  tliere  is  often 
a  slight  bulging  of  the  eyeballs,  anil  strabismus  ap|>ears.    This  con- 
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ditioEi  may  persist  for  a  long  time,  or  it  may  gratlually  subside  as  1 
child  recovers. 

The  course  of  a  simple  meningitis  may  be  rapitl,  and  a  fatal  t-er 
niination  may  occm*  within  a  week.     This  rapid  course  occurs  chiefljl 
in  the  vertical  and  soiiietimes  in  basal  cases.     More  often  the  s>tihj 
tonis  persist  a  long  time  and  the  cas(^  runs  a  course  which  extend 
over  several  weeks.     The  variation  is  sr)  great  in  differeut  eases  thaj 
no  average  ^Juration  can  he  stated.    There  are  some  eases  whic 
continue  even  for  four  or  five  months,  anti  then  n^cover.    That  a  larg 
[x*rcentage  die  must  be  admitterL     Authorities  nuike  the  mortality 
from  60  to  80  ]>er  cent.     It  has  been  thought  by  sonje  that  chihlr 
never  recover  from  meningitis,  but  this  is  not  my  experience.     I  ha^ 
seen  some  well  ]>ronounecd  cases  in  the  Baby's  Hos|)ita]  which 
minated  in  recovery.     Even  cases  which  rjevelop  hydrocephiilus. 
this  is  moderate,  may  come  to  a  standstill  and  gradually'  get  well 
These  jKitients  may  be  left  l^lind  or  deaf,  or  they  may  show  a  spasti 
gait  for  years,  or  they  may  show  mental  defects,  but  neverthek 
they  recover  from  the  acute  meningitis.     Occasionally  during  the 
stage  of  improvement,  or  even  after  recovery  ap|)ears  tu  lie  coniplet 
sudden  death  occurs.     There  is  no  iris<^ase,  tlu^n^fon*,  in  whicli  tl 
prognosis  is  more  uncertain. 

The  treatment  nmst  be  (luite  similar  to  that  described  in  tl 
epidemic  fonn.     Leechen  liehind  the  ears,  ice  to  the  head  and  necli 
or  a  cold  coil,  antifiyreties,  and  cool  sponging  are  of  service  in  keepii: 
dtmn  tlie  tiinj)iTature.     The  child  should  be  noiu-isheil  as  well 
possible  on  milk  pro|K:*rly  modified  to  its  age,  and  tm  broth*s.     It  maj 
be  necessary  to  feed  by  gavage  if  there  is  nmch  vomiting.     Tliere  ai?* 
no  drugs  which  act  on  the  bacteria » and  lience  there  is  no  means  of 
decreasing  the  patliological  process.     In  some  cases  iothde  has  bi*< 
of  service^  and  it  may  tx^  given  if  tlie  stomach  ^ill  retain  it  in  on 
to  three-grain  doses  four  or  hve  times  a  day. 

It  is  not  to  be  forgotten  tliat  some  cases  are  secondary*  to  olit 
media;  hence  if  any  eviilence  of  this  is  jiresent  free  drainage  must 
secured  by  incising  the  drum  or  by  o|MTatiiig  on  the  mastoid.  Case 
are  now  fre([uently  reported  where  the  masttiid  oijt:'ration,  follows 
by  trephining,  has  resulted  in  the  evacuation  of  a  small  collection  < 
pus  and  lias  Ix-en  followed  by  recovery. 

3.  Septic  and  Secondary  Forms  of  Meningitis.  The  sy^mptonis  of 
septic  meningitis  always  ilevelo|>  after  some  one  of  its  causative  roD 
ditions  has  bx-n  in  progress  for  some  time.  Hence  they^  are  precede 
by  the  sympton^s  of  a  cranial  fractui*e  or  operation,  an  otitis  lueitU 
a  chronic  nasal  disease,  or  an  abscess,  or  erysipelas  of  the  face.  I| 
in  the  course  of  any  of  these  atTtn'tiims  the  i)atient  has  a  su<klen  chill 
with  rise  of  tenii>erature,  rafud  failse,  severe  continuous  general  head 
ache,  and  delirium  or  convulsions,  and  if  thus  an  iUnesB  begins  whi« 
is  evidently  septic,  is  attended  by  a  stuporous  mental  state*, 
nolence,  vertigo,  vomiting,  ami  a  fever  nmning  from  101^  to  KH^ 
daily,  there  is  every  reason  to  l>elieve  that  a  septic  nieninfrttis  hi 
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developed.  Tlie  general  syrti|>tonis  iiicfitioned  usually  iifipear  before 
any  locnl  signs  of  brain  disease.  And  thes4*  will  deiwnid  largely  on 
the  area  which  is  affecteil  by  the  meningitis.  Thus,  in  fractures  of 
the  skull  which  he  over  the  motor  or  sensory  areas  there  apfiear  local 
8pa.«sms,  or  aphasia,  or  paralysis,  or  disturliances  of  sc^nsation,  first 
hytjera^sthetie  conditions,  aiu!  later  loss  of  sensation.  After  otitis 
media  there  may  be  no  local  signs  of  meningitis,  as  the  temporal  lobe 
on  the  base  has  no  known  function;  but  if  the  disease  advances 
upward  on  the  left  side  a  sensory  aphasia  may  app^^ar.  If  the  menin- 
gitis is  on  the  base  the  cranial  nerves  may  l>econie  invoIve<l:  nystag- 
imis,  stral>ismys,  twitching,  or  paralysis  of  the  face,  grinding  of  the 
teeth,  and  optic  neuritis  develop.  Thes4'  sonielimes  occur  after 
cjtitis  niedia»  If  the  meningitis  starts  from  nasal  disease  there  are 
no  local  signs  excepting  loss  of  smell  and  a  greater  degi*ee  of  mental 
flisturbanee  titan  in  the  other  cases. 

The  same  general  symptoms  dcnTlopiiig  in  the  course*  of  any  of  the 
infeciioiLs  diseases  will  indicate  tlutt  meningitis  has  iM'gun  tis  a  com- 
plication. The  headache  which  is  always  present  in  meningitis  is 
severe  and  eaus«»s  great  agony.  The  jjatient  grn.sjjs  tlie  head  ami 
moans  with  pain  even  during  his  delirium  and  stupor.  Children  pull 
the  hair,  knock  the  liead  uf>oii  the  pillow,  and  scream,  even  in  their 
sleep.  The  sudden  piercing  crj^  of  pain  which  wakens  the  child  is 
known  as  the  cry  of  meningitis.  The  pain  varies  in  intensity,  and  is 
wors<:'  at  night  or  when  the  temperatur**  rises.  Tiie  delirium  is 
another  rharacteristic  sym|>tom  of  meningitis.  It  is  sofuetimes  a  low 
muttering  delirium  from  which  the  patient  can  be  momentarily 
aroused,  Ijut  he  iloes  nr^t  answer  questions  intelligently.  At  times  it 
is  a  more  active  delirium,  the  patient  wishes  to  get  out  of  bed,  to 
dress  and  go  out,  or  is  wildly  excited,  anil  struggles  with  his  nurses 
and  has  to  Im*  tied  in  bed.  In  the  intervals  of  delirium  there  is  a 
stupor  which  may  deejH'n  into  coma.  The  fever  of  meningitis  Ls  high. 
It  does  not  fall  or  rise  sudflenly,  as  in  thrombf>sis  of  the  lateral  sinus, 
or  in  pya^mic  .*itates.  but  runs  a  course  between  KKP  and  104°  F,,  and 
occasionally  tlie  patient  may  have  a  chill.  The  pulse,  which  at  first 
was  rapid,  varies  as  the  disease  goes  on.  It  often  l)f»ct^mes  intermit- 
tent and  irregular.  1 1  may  for  a  few  hours  be  slow,  eveii  40.  It  does 
not  vary  with  tlie  teiii|M*rature,  The  general  hy]XTa^sthetic  state  of 
all  the  senses  is  very  characteristic  of  meningitis;  the  patient  begs  to 
lie  left  alone  in  the  dark,  starts  at  slight  noises,  an<l  cannot  endure 
to  be  touched  or  examined.  There  are  twitchings  of  the  muscles, 
which  are  increased  by  tapping,  and  there  is  often  an  increase  in  all 
the  tendon  reflexes.  The  neck  and  back  liecome  stiflf  ami  painful 
early  in  the  course*  of  the  disease.  And  various  <Tanial  nerve  symp* 
toms  indicate  that  the  effusion  on  the  Ijasf*  has  begun. 

The  pufiils  are  usually  contracted  at  first,  do  not  dilate  in  the  dark, 
and  do  not  react  to  light.  Later  they  may  become  dilated,  are  often 
unequah  and  the  condition  of  the  pupil  varies  from  day  to  day.  In 
sf>me  cases  the  pu]nl  contracts  to  light,  but  inunediately  dilates  again, 
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and  continues  to  change  in  size;  this  is  termed  hippus.  Ptosis,  par- 
alysis of  some  of  the  ocular  muscles,  with  strabismus  and  nystagmus, 
soon  develop.  Optic  neuritis  occurs  in  about  60  per  cent,  of  the 
cases.  The  facial  nerves  may  be  irritated,  causing  a  twitching  of  the 
facial  muscles  and  trismus  or  paralysis.  As  the  case  progresses  gen- 
eral convulsions  may  occur,  followed  by  coma.  Monoplegia  or  hemi- 
plegia may  develop  at  any  stage.  There  is  an  irritation  or  paralysis 
of  the  vasomotor  system  shown  by  blueness  of  the  extremities,  a 
reddening  of  the  skin  when  scratched  or  rubbed,  and  profuse  sweating. 
There  is  obstinate  constipation.  The  urine  may  be  retained  or  may 
dribble.  It  often  contains  albumin,  and  is  of  high  specific  gravity 
and  scanty.  The  spleen  is  enlarged.  In  the  later  stages  there  may 
be  a  tendency  to  bed-sores. 

The  duration  of  a  meningitis  may  be  from  four  days  to  two  weeks. 
In  rapid  cases  all  the  symptoms  appear  in  great  intensity,  the  tem- 
perature rises  high,  the  pulse  is  weak  and  rapid,  coma  comes  on,  and 
the  patients  have  Cheyne-Stokes  respiration,  and  die  either  in  coma 
or  in  convulsions.  In  slow  cases  the  stage  of  irritation  gives  place  to 
a  stage  of  paralysis  and  the  patient  is  exhausted  by  the  fever. 

I  have  seen  several  cases  which  ran  a  slower  course  and  in  which 
symptoms  persisted  for  four  or  even  six  weeks.  In  these  cases  remis- 
sions in  the  symptoms,  with  subsequent  exacerbations,  took  place; 
but  the  general  symptoms  of  fever,  headache,  somnolence,  and  pro- 
gressive emaciation  were  constant.  The  formation  of  abscess  in  the 
brain  or  the  occurrence  of  thrombosis  of  one  of  the  sinuses,  either 
of  which  may  be  a  complication,  makes  the  prognosis  hopeless. 

The  diagnosis  of  meningitis  is  to  be  made  by  an  examination  of 
the  cerebro-spinal  fluid  obtained  by  lumbar  puncture  (see  page  720), 
and  this  should  be  tried  in  all  doubtful  cases. 

The  diagnosis  from  abscess  of  the  brain  and  from  thrombosis  of 
the  lateral  sinuses  has  been  considered  on  pages  576  and  582. 

The  prognosis  in  septic  and  secondary  meningitis  is  always  serious. 
Patients  raroly  recover.  Nevertheless,  the  possibility  of  recovery  has 
been  proven  in  many  cases  in  every  variety  of  the  disease,  and  hence 
it  is  always  legitimate  to  hold  out  some  hope.  It  is  also  to  be  re- 
membered that  there  are  many  cases  presenting  serious  iierv'ous 
symptoms  quite  similar  to  those  of  meningitis  in  their  character,  but 
not  quite  equal  to  them  in  severity,  which  pass  off  in  the  course  of 
four,  six,  or  eight  days.  I  have  seen  many  such  cases  in  connection 
with  otitis  media.  1  have  seen  some  in  children  complicating  other 
diseases  or  appearing  alone.  We  do  not  know  what  the  patholog}' 
of  such  cases  is.  They  have  been  ascribed  to  cerebral  hyix?ra^mia, 
to  serous  meningitis,  to  oedema  of  the  brain,  to  non-purulent  enceph- 
alitis, and  to  direct  toxtemia  of  the  brain.  The  only  means  of  diag- 
nosis of  thes(»  eases  from  meningitis  is  by  watching  their  cour^se  and 
ol)servin<2:  the  recovery.  Hence  in  the  early  stage  of  supposed  menin- 
gitis of  a  mild  type  tlie  prognosis  must  be  guarded,  as  the  diagnosis 
niav  be  wron<r. 
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The  treatment  of  sf^jjtie  meningitis  or  t>f  seeoiulary  meningitis 
shoiikl  begin  by  an  active  interference  with  the  cause.  Fractures 
Bhould  Iw  trephiiierl  ami  a  possible  source  of  infection  sought  and 
fre€  clrainago  oi>enod.  In  middUw^ar  dise^ise  an  early  exploration  of 
the  ma.stoitl  cells  and  prompt  oiXMiing  of  the  skull,  with  drainage, 
are  often  necessary.  In  aliseess  of  the  l)rain  and  sinus  thrombosis 
operation  affonls  relief.  In  other  cases  opera tioms  are  impossible. 
Absolute  quiet  in  bed,  ice  to  the  heail,  brisk  purgatives,  leeches  to 
the  ma.'^toid  region  or  temples,  blisters  to  the  neck,  and  the  free  U9t? 
of  narcotics,  the  coal-tar  products,  and  morpliine  are  to  lie  employed. 
The  temjx?rature  is  to  \ye  controlled  by  cool  sponging  rather  than  by 
baths,  as  it  is  impossible  to  move  the  patient  into  a  tub.  Antipyrine 
and  phenacetin  may  help  to  reduce  it  if  it  rises  above  103°  F.  The 
heart  may  require  stimulation,  and  for  this  cafTeiiie  is  better  than 
either  alcoh*)l  or  stryclmine.  The  tlelirium  may  be  somewhat  dimin- 
ished liy  the  free  use  of  !)roinide  and  chlorah  If  the  persistent  head- 
ache is  soon  followed  by  optic  neuritis  it  is  probable  that  a  large  trffu- 
BiOQ  has  occurred,  and  it  is  possible  that  lumbar  puncture  rmiy  reduce 
this.  In  some  cast\s  it  has  sueceeiled  and  an  improveinerrt  has  fol- 
lowed. From  50  to  1(X)  c.c.  of  fluid  havr  i>een  withdrawn  daily  for 
several  days  under  strict  antiseptic  jirecautions. 

4.  Tuberculous  Meningitia.  Children  between  the  ages  of  two  and 
fifteen  years  are  more  conunoidy  affected  by  tuberculous  meningitis 
than  are  adults,  thougli  no  age  is  exempt. 

The  symptoms  of  iliis  form  of  meningitis  are  numerous  and  differ 
so  widely  in  different  stages  of  the  progress  of  the  case  that  all  authors 
prefer  to  group  them  in  peritHls.  These  are  (I)  a  period  of  incuba- 
tion, when  the  symptoms  are  slight  and  rather  imlefinite^  liut  really 
well  marked  when  one  looks  liackward  and  contrasts  the  condition 
with  that  of  previous  health:  (II)  the  f>eriod  of  irritative  symptoms; 
(III)  the  ixTiod  of  f)aralytic  symptoms  and  coma. 

L  In  the  jieriod  of  inculjation  tlie  eliild,  without  reason,  ceases  to 
gain  weight  and  begins  to  lose,  is  fn^tful  and  uneasy,  shows  little 
desire  to  play,  and  cannot  l>e  amused  or  diverted  for  any  length  of 
time,  very  often  manifesting  a  iiiarked  change  in  disposition  and 
unusual  likes  and  dislikes.  At  night  it  does  not  sleep  soundly,  wakes 
on  slight  noist?s  and  cannot  be  put  to  sleep,  or  groans  and  cries  in 
sleep,  and  sometitnes  grim  Is  the  teeth.  In  the  daytime  it  may  be 
drowsy.  Vomiting^  occurring  without  api)arent  cause  antl  recurring 
in  attacks,  is  usually  an  early  symj)tom,  and  is  atteniied  by  coiLsit.1- 
erable  (>rostration.  Headache  soon  apjiears,  being  complained  of  by 
children  who  can  talk  and  being  shown  by  crying,  tearing  the  hair, 
and  lieating  the  head  in  infants.  During  this  period  the  temperature 
is  usually  UXI^or  101*^  F.  at  night,  but  nearly  normal  in  the  morning, 
the  pulse  is  more  rapid  than  usunhand  the  respiration  regular,  but 
attended  by  3'awningarid  sighing.  Tlie  apix^ite  is  poor,  the  bowels 
are  often  constipated;  occasionally  there  is  diarrhcra.  The  urine  is 
usually  increased  in  amount,  and  may  sliow  high  specific  gravity  and 
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albumin  in  small  amount.     The  prodromal  stage  is  longer  in  tuber- 
culous nRiiirigitis  tlian  in  otlior  forms. 

As  tuhereuloiis  meningitis  is  secondary  to  tuberculosis  eli^c^where  in 
about  SO  per  cent,  of  the  cases,  some  symptoms  referable  to  the  lungs, 
or  intestines,  to  the  joints,  or  the  bones,  or  the  spine,  to  the  brain, 
or  to  the  lymphatic  glands,  are  to  be  detected  when  the  child  is  care- 
fully examinetl.  The^e  symj>loms  should  lead  to  the  diagnosis,  even 
in  the  stage  of  incubation.  This  stage  may  last  from  four  days  to 
three  or  four  weeks. 

IL  The  stage  of  irritative  symptoms  appears  suddenly,  usually  with 
a  general  eonvulsion,  followed  by  stupor.     The  child,  who  has  grad- 
ually become  weaker  and  sicker,  complains  of  most  intense  hearl- 
ache,  is  hypersensitive  all  over,  and  cannot  endure  l^eing  touched, 
shuns  the  light  and  noise,  and  cries  wlien  disturbed.     It  \b  somnolent, 
but  cries  out  in  sleep,  grinds  its  teeth,  and  rolls  its  head,  wearing  off 
the  hair  from  tlie  occipital  region.     Then,  without  warning,  it  has  a 
genera!  convulsion,  which  may  be  repeated  at  intervals.     When  it 
comes  out  of  the  convulsion  it  is  stupid  and  caimot  be  aroused,  but 
cries  when  disturl>ed.     There  is  usually  some  rigidity  of  the  neck, 
which  increases  rapidly  and  extends  to  the  spine,  so  that  the  entire 
body  is  stiff,  and  after  a  time  tlie  lirad  is  drawn  backw^ard.     Some- 
times the  limbs  become  rigid  anil  contracted.     The  reflexes  ar^  exag- 
gerated.   The  pupils  are  contracted  antl  do  not  respond  to  hght,  and 
are  often  of  unequal  size.     There  may  be  nystagmus  and  hippuBi. 
The  temjierature  begins  at  this  time  to  vm^  at  night  to  102°  F..  the 
pulse  becfJiiies  faster  and  is  now  occasionally  intermittent  and  irrr»gu- 
lar.and  the  respiration  is  irregular,  a  series  of  inspirations,  eacli  dtn^jier 
than  the  last. being  followed  by  a  sigh  and  cessation  for  a  few  seconds. 
This  stage  may  last  for  two  or  three  days,  or  even  ten  days,  during 
which  time  the  stupor  i!ee|>ensj  and  the  child  sleeps  more  and  nion^* 
continuously,  and  it  is  harder  to  arouse  or  interest  it.     Delirium  is 
a  eomnion  symptom,  the  child  talks  to  itself,  occasionally  scream: 
out,  and  may  not  know  its  parents.    Toward  the  close  of  the  s 
nniscular  twit(*hi!ig  is  frequent  and  partial  convulsions  may  occur 
the   abdomen  is  retracted,  tciche  cerebrate  is  well  marketl^  and 
f»|jhthahiioscopic  examination  shows  choked  disks.     The  skin  is  dry, 
and  ulcers  ujay  form  a!)out  the  ears  or  on  the  buttocks.     In  spite 
(he  severity  of  the  symptoniSp  however,  the  child  may  at  times  seei 
for  an  hour  or  more  to  I.m^  I  letter,  may  be  conscious  and  alert,  an< 
have  no  pain.     Bui  these  intervals  become  infretiuent  ai^  the  l 
stage  approaches.     In  this  stage  lumbar  puncture  usually  shows  t 
presence  of  tubercle  bacilli  in  the  eerebro-spinal  fluid, 

III.  The  stage  of  paralysis  or  coma  comes  slowly.     The  child  ge 
worse,  the  stui>or  deepens,  so  that  it  is  impossible  to  arouse  it,  an^ 
paralysis  of  some  of  the  cranial  nerves  a|ipears,  causing  strabismu: 
facial  paralysis,  or  difficult  sM^allowing,  and  general  paralysis  of  tl 
limbs,  or  hemiplegia.     The  pupils  are  now  dilated  and  fail  to  act 
light ;  choked  disk  apijcars,  if  it  has  not  before:  tubercles  may  Ije 
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in  the  choroitl:  the  opisthotonus  is  nioro  marked,  and  the  abdomen 
is  retracted.  The  temperature  begins  to  rise  in  the  morning  as  well 
as  at  night,  the  pulse  Ijeeomes  very  rapid  and  weak,  respiration  is 
irregular  and  labored  and  of  the  Cheyne-Stoke!^  eharaeter.  It  is 
almost  in ] possible  1o  feed  the  child »  and  emaciation  is  rafiid.  Tlie 
uriue  is  retained  oris  i)ass(H|  involuntarily.  The  coma  dce[>eos,  and 
the  child  dies  of  exhaustion  or  in  a  convulsion,  Tlie  duration  of  this 
stage  is  from  two  days  to  a  week,  defjending  on  the  nutrition  and 
inherent  strength  of  the  chikl.  A  quartei'  of  tlie  causes  die  \i\  the  first 
week  after  the  second  stage  l>egins,  a  quarter  in  the  second,  a  quarter 
ill  the  third,  and  the  remainder  within  eight  weeks.  In  infantas 
whos4*  fontanetles  are  not  completely  closed  a  condition  of  hydro 
cephalus  is  liable  to  develop  and  to  go  on  increasing  until  death. 
There  is  no  doubt  that  almost  all  ca.st^'^  die,  and  we  have  no  means 
of  arresting  the  progress  of  the  disea^se.  Yet  cases  have  been  reported 
in  which  recovery  has  occurred,  even  when  tul>erc»le  Ijaeilli  have  l>een 
found  in  the  cerebro-sfiinal  fluid.  Treatment  is  palliative  only,  the 
various  symptoms  being  treated  as  tliey  arise.  It  has  tn^en  proposed 
to  open  the  skull  an<l  drain  the  base.  This  ha.s  been  done  once  with 
apparent  success  by  (Jrd  jmd  W^aterhouse,  but  their  example  ha.s  not 
been  folh>wed  by  others,  ,\s  all  cases  are  hopeless,  such  a  mea^sure, 
though  theoretically  of  little  value,  may  be  worth  a  triab  It  failed 
in  one  case  under  my  care. 

The  following  easf^  is  a  gof>d  illustration  of  tlie  course  of  the  disease: 
Girl,  aged  two  years,  of  healthy  parents,  began  to  have  slight  attacks 
of  sudden  loss  of  consciousness  w^ithout  convulsions,  on  November 
7th,  and  complained  of  headache,  nausea,  and  vomiting.  During  the 
first  two  weeks  th<»se  symptoms  contimied,  and  she  was  very  fretful, 
dull,  and  stupitl,  emaciated  rapidly,  and  itad  a  temjjeratiire  of  \\Mf  F, 
at  night.  During  the  i\\\vA  week  the  tem[terature  reached  102°  F, 
at  night  and  did  not  go  below  1<X)°  F.  in  the  morning:  her  pulse  was 
120,  regular,  respiration  regular;  she  had  much  headache,  retained 
little  food,  cried  out  in  sleep,  and  was  drowsy  and  dull.  On  Novem- 
ber 2Sth  she  had  a  convulsion  limited  to  the  right  side  of  the  face  and 
right  arm  lasting  an  hour  and  a  half,  after  which  she  slept  for  two 
hours  and  had  a  tenif>erature  of  104°  F.  There  was  no  paralysis 
after  the  convulsion,  but  she  failed  to  recognize  her  mother  and  nurse 
anil  ke|*t  her  hand  on  the  left  side  of  her  head,  with  signs  of  paiu. 
Her  pupils  were  dilated,  reacted  sluggishly,  antl  dilate<l  in  the  light, 
l^eing  undulatory.  Her  ojjtic  disks  were  normaL  During  the  follow- 
ing  week  she  failed  steadily,  l>eing  in  a  state  of  stupor,  and  finally  of 
{'oma.  Her  tem|>erature  varied  from  101°  to  104°  F.,  pulse  lM>came 
140  and  intermittent,  respiration  sighing,  irregular,  and  finally 
Cheyne-Stokes.  She  had  one  right-sided  eonvufsion.  Her  pupils 
were  contracted  when  she  w\as  let  alone,  but  dilated  widely  when  the 
eyes  were  oj^en  and  luululated.  The  optic  disks  became  cloudy 
and  finally  chokf»fL  The  face  was  flushexl,  and  tltere  was  tMie  dri- 
bra!e.  .  The  abdomen  became  retracted.     There  was   no  paralysis, 
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but  the  knee-jerksp  which  m  the  first  weeks  were  aksent,  became 
exaggerated^  and  anklr  clonus  was  ol>taiiied.  8he  dietl  on  Decenilier 
5th.  The  autopsy  showed  tubercles  scattered  over  the  pia,  espe- 
cially  on  the  base  and  in  the  fissures  of  Sylvius.  There  was  much 
serum  under  the  pia.  The  ventricles  were  greatly  distendeil  by 
cloudy  serum.  There  was  some  a'deiiia,  Imt  no  inflammation  of  the 
brain  and  no  apparent  cause  lor  the  limitation  of  tlie  con\ailsion  to 
the  right  side,  tliough  there  wai:^  more  serum  over  the  left  liemisi)hen?, 
about  the  motor  zone,  than  elsewhere.  In  tbl^  ease  it  was  evident 
at  the  autopsy  that  no  operation  would  have  had  any  effect  to  relieve 
the  condition, 

5.  SypMlitic  Meningitii,  The  symptoms  of  this  form  of  menbigitis 
develop  more  slowly  than  thorn}  of  the  otlier  forms,  and  are  more  easily 
and  successfully  treated.  They  resemble  the  symptoms  of  brain 
tumor y  but  are  more  rapid  in  their  progress.  The  patients  suffer 
from  general  sensations  of  discomfort  in  the  head,  from  headache, 
which  is  often  occipital,  sometimes  frontal,  sometimes  diffused  over 
the  entire  head,  and  is  usually  worse  toward  evening,  and  keeps  them 
awake  in  tlie  niglit.  They  Ijecome  nervous,  cannot  control  the  emo- 
tions, and  cannot  think  *juickly  or  keenly:  hence  they  are  unfittcil 
for  lniside.^s.  They  are  subject  to  attacks  of  vertigo,  and  may  at 
times  vomit  unexpectedly  without  preceding  nausea,  .\fter  a  time 
dimness  of  vision  may l>e  noticed,  and  an  ophthalmoscopic  exaniiiiA- 
tion  shows  an  optic  neuritis :  or  a  third  nerve  palsy  may  sutldenly 
occur,  witli  ptt»sis,  external  strabisnms,  and  immobility  of  the  eyeball 
and  inii)il;  or  a  facial  palsy  or  sixth  nerve  affection,  with  int^Tnal 
strabismus  may  occur.  It  is  more  rare  for  the  other  cranial  ncn^e?» 
to  be  affected,  although  intense  neuralgia  of  the  fac^,  deafness,  and 
difficulty  of  swallowing  have  teen  observed.  After  some  one  or  more 
of  the  cranial  nerves  on  one  side  have  l>ecome  paralyzeil  a  hemi[)legia 
of  the  opposite  side  not  infrequently  develops,  not  complete,  but 
attended  by  increase  of  reflexes.  Sensory  distm-bance  i.s  rare. 
Polyuria  is  a  very  common  symptom  in  these  cases.  Occasionally  a 
cerelx*llar  gait  has  been  noticed.  In  one  of  my  casi*s  general  convnil- 
sions  occurre<l  sinrral  times  l>efore  treatment  began  to  i»rcxliM'e  an 
effect.  The  symptoms,  therefore,  are  quite  like  those  of  tumor  on 
the  base  of  the  brain.  Sometimes  the  gummy  exudation  ii«  in  the 
Sylvian  fissure  antl  causes  compression  of  the  bloodvessels  supplyiu|? 
the  cortex.  In  these  cases  suilden  attacks  of  aphasia  or  hemiplegia 
may  occur. 

The  meninges  of  the  con%^exity  are  occasionally  involved  in  a 
syphilitic  meningitis,  and  in  these  ca^es  symjitoms  re.sf»mhling  a  local- 
ized brain  tumor,  attacks  of  Jacksonian  epilepsy,  or  of  aphasia,  fol- 
lowetl  by  monoplegia,  nmy  occur.  The  heailache  may  lie  localiaeed  at 
one  spot  and  may  be  attended  by  tenderness  on  perciLsaion  of  tlie 
head.  Mental  symptoms  are  prominent  in  these  easeB,  reBemhling 
those  of  paresis,  but  witli  dementia  more  evident  than  delusiorizs. 
The  symptoms  may  l>e  very  irregular  and  intenjuttent,  as  in  the 
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basilar  type,  severe  on  one  day,  slight  on  the  next;  they  may  vary 
in  their  location,  and  they  are  rarely  as  permanent  and  continuous 
as  in  brdn  tumor.  The  occurrence  of  an  optic  neuritis  is  the  excep- 
tion in  meningitis  of  the  convexity.  The  difficulty  of  diagnosis 
between  a  specific  meningitis  of  the  convexity,  paresis,  and  brain 
tumor  is  so  great  that  in  every  case  where  the  question  of  diagnosis 
arises  it  is  well  to  try  antisyphilitic  treatment.  If  this  fails  operative 
treatment  may  be  considered,  for  successful  removal  of  gummy 
tumors  has  been  recorded. 

The  various  symptoms  named  develop  gradually  in  the  course  of 
a  month  or  six  weeks,  increase  in  intensity,  and  prostrate  the  patient 
completely.  But  when  treatment  is  begun  they  soon  begin  to  subside, 
and  finally  may  entirely  pass  away,  leaving  the  patient  quite  well. 

In  cases  of  long  duration,  where  the  nerves  or  the  brain  have  been 
seriously  compressed,  and  where  degeneration  in  the  nerve  trunks  or 
in  the  brain  tracts  has  been  produced,  the  recovery  is  much  delayed 
or  may  be  incomplete.  Thus  in  one  of  my  cases  which  showed 
paralysis  of  the  sixth,  seventh,  and  eighth  nerves  on  the  left  side,  and 
a  marked  cerebellar  gait,  with  staggering  toward  the  left,  the  cranial 
nerve  palsy  recovered,,  the  gait  became  natural,  but  there  has 
remained  at  the  end  of  three  years  a  sense  of  uncertainty  of  position 
and  some  vertigo  on  rapid  walking  and  an  exaggerated  knee-jerk  on 
the  right  side.  In  another  case,  after  a  period  of  occipital  pain,  worse 
at  night,  the  right  sixth  and  seventh,  then  the  fifth,  then  the  third 
nerves  were  paralyzed,  and  then  a  left  hemiplegia  appeared.  These 
symptoms  subsided  imder  treatment,  but  after  a  few  months  deafness 
in  the  right  ear  and  a  marked  staggering  to  the  right  side,  with  poly- 
uria, developed.  These  also  subsided  under  treatment,  and  for  ten 
years  this  man  has  been  well  and  able  to  work,  but  suffers  from 
vertigo. 

The  prognosis  is  fairly  good  in  syphilitic  meningitis,  as  treatment 
promptly  causes  the  absorption  of  the  exudation;  but  it  must  not  be 
forgotten  that  symptoms  due  to  an  actual  destruction  of  cerebral 
tissue  are  permanent. 

Treatment,  no  matter  at  what  stage  in  the  course  of  syphilis, 
should  be  by  means  of  inimctions  of  mercury.  One  drachm  of  blue 
ointment  is  to  be  well  rubbed  into  the  body  daily,  and  the  absorption 
is  increased  by  a  daily  bath  in  water  of  a  temperature  of  106®  to 
108°  F.  for  half  an  hour.  This  bath  may  be  followed  by  cool  sponging 
to  prevent  too  great  sweating  and  taking  cold.  The  application  of 
mercury  should  be  to  a  different  part  of  the  body  each  day,  and  this 
part  should  be  bandaged,  so  that  any  ointment  left  on  the  skin  may 
be  absorbed  and  not  rubbed  off  by  the  clothing.  I  prefer  this  method 
to  that  by  hypodermic  injection  of  corrosive  sublimate,  though  this 
may  be  resorted  to  in  some  cases.  Pills  of  mercuric  iodide,  red  or 
green,  usually  derange  the  stomach  and  their  effect  is  less  rapid  than 
that  of  the  inunctions.  After  the  mercury  has  been  given  for  one 
week  iodide  of  potassium  is  to  be  begun  in  addition  to  the  mercury. 
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It  is  my  rule  to  begin  with  a  dose  of  twenty-five  grains  three  times 
a  day,  as  thus  the  coryza  which  is  caused  by  small  doses  is  avoided. 
The  amount  is  then  increased  rapidly,  one  grain  at  each  dose  until 
three  himdred  grains  daily  are  being  taken.  On  reaching  a  dose  of 
fifty  grains  it  is  better  to  increase  the  number  of  doses  than  to  increase 
the  size  of  each  dose.  If  the  iodide  is  given  well  diluted  in  water,  in 
some  gaseous  mineral  water  or  in  milk,  it  can  usually  be  taken  for 
several  months.  The  mercury  should  be  continued  with  the  iodide 
until  marked  improvement  is  manifest  or  until  salivation  is  caused. 
This  should,  of  course,  be  prevented  by  the  use  of  a  mouth  wash  of 
chlorate  of  potash,  and  by  cleaning  the  teeth  after  each  meal  and  after 
each  dose  of  medicine.  Usually  three  oimces  of  blue  ointment  are 
sufficient  but  more  may  be  needed. 

The  general  strength  of  the  patient  should  always  be  kept  up  to 
the  best  point,  every  possible  means  being  used  to  promote  health. 
An  out-of-door  life  in  good  country  air,  moderate  exercise,  the  best 
food  possible,  and  a  generous  diet,  with  moderate  use  of  stimulants 
and  tonics  of  all  sorts  are  to  be  advised.  The  benefit  of  a  course  of 
treatment  at  hot  springs  or  in  a  sanitarium  is  partly  due  to  the  more 
healthful  surroundings  than  city  life  affords. 
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brain,  615 
I  multiple  neuritis  due  to,  129 
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195 
in  locomotor  ataxia,  296,  307 
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in  spinal  cord  disease,  185 
Anarthria  in  diseases  of  brain,  429 
Aneurism  of  aorta,  400 

of  cerebral  arteries,  594 
I  miliar}',  489 

Angina  pectoris  in  locomotor  ataxia,  303 
Ankle  clonus,  181 
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prognosis  of,  520 
treatment  of,  528 
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Apraxia  in  diseases  of  brain,  439  | 
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Argj'll-Robertson    pupil    in    locomotor 

ataxia,  298 
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spasm  of,  in  diseases  of  brain,  423    I 
Arsenic  in  treatment  of  locomotor  ataxia, ! 
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of  multiple  neuritis,  114 
of  neuralgia,  87  j 
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cases  of,  134 
diagnosis  of,  133 
occurrence  and  source  of 

poisoning,  131 
pathology  of,  131 
s\Tnptoms  of,   131 
treatment  of,  134  j 

Arter>%  retinal,  thrombosis  of,  637  | 

Ascending  neuritis,  53 

spinal  paralysis,  222  I 

Astereognosis  in  diseases  of  brain,  438    ; 
Asthenic  paralysis,  628 
Ataxia,  acute,  162 

cerebellar,  in  abscess  of  brain,  575 
in  combined  sclerosis,  332 
cortical,  in  diseases  of  brain,  436 
Friedreich's,  333 

diagnosis  of,  336 
etiology  of,  334 


prognosis  of,  643 
symptoms  of,  643 
treatment  of,  644 
sclerotic  of  brain,  532 
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fibrils  in,  20,  22 
terminals  of,  21 


BABINSKI'S  reflex,  181 
in  apoplexy,  503 
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tumors  of,  608 
Bechterew's  nucleus,  675 
Bed-sores,  50 
BeU's  palsy,  664 
Belladonna  in  treatment   of  loc< 

ataxia,  326 
Beriberi,  151 
Bemhardt's  paralysis,  71 
Birth  palsy,  electrical  tests  in,  62 
Bladder,   disturbance   of    action 
locomotor  ataxia,  297 
mechanisms  of,  183 
spinal  centres  of,  183 
symptoms  in  combined  scleros 
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Blindness,  635 

in  locomotor  ataxia,  299 
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psychical,  in  diseases  of  braii 
word,  in  diseases  of  brain^  4J 
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myelitis,  214 
Brachial  neuralgia,  90 
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etiolog>'  of,  57 
patholo^  of,  60 
prognosis  of,  60 
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Brain,  abscess  of,  pathology  of,  567 
stages  of,  573 
svinptoms  of,  567 

febrile,  567 

mental,  568 
treatment  of,  578 
anaemia  of,  488 
arteries  of,  484 
atrophv  of,  534 

sclerotic,  532 
basal  ganglia  of,  lesions  of,  472 
base  oT,  476 

tumors  of,  610 
central  region  of,  tumors  of,  604 
cysts  of,  535 

diseases  of,  agraphia  in,  453,  467 
alexia  in,  452 

anaesthesia,  alternating  in,  446 
aphasia  in,  462,  464 

intercortical  sensory,  466 
motor,  468 

motor,  467 

optical,  466 

sensory,  464 

tests  for,  468 
apraxia  in,  439 
association  fibres  in,  462 

of  ideas  in,  463 
astereognosis  in,  438 
auditor\'  nuclei  in,  459 

tract  in,  456 
blindness,  psvchical,  in,  450 

word,  452,  466 
cerebellar  tract  in,  447 
cerebral  sensations  in,  416 
Chevne-Stokes    respiration    in, 

4i0 
coma  in,  417 
concepts  in,  463 
convulsions  in,  418 
cortical  anffsthesia  in,  435 

ataxia  in,  436 

centres  of  muscular  sense 
in,  436 
deafness  in,  cortical,  454 

psvchical,  455 

subcortical,  456 

word.  455,  464 
delirium  in,  416 
disturbance  of  emotion  in,  472 

of  hearing  in,  454 

of  sense  of  smell  in,  460 

of  taste  in,  461 

of  thought  in,  462 

of  vision  in,  449 
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emaciation  in,  420 
epilepsy  in.  418 
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headache  in,  413 
hcmianiesthesia  in,  435,  447 
hemianopsia  in,  449,  453 
hemiplegia  in,  427,  432 
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memories  of  touch  in,  438 
mono-anaesthesia  in,  447 
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tract  in,  431 
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optic  neuritis  in,  419 
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in,  435 
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'  427,  430 
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of  subcortical  type  in,  430 
paraphasia  in,  468 
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sensory  tracts  m,  439,  444 
spasm  of  arm  in,  423 

cortical  in,  422 
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local,  420 
staggering  in.  477 
stereognosis  in,  438 
stupor  in,  417 
subcortical  lesions  in,  472 
symptoms  of,  cerebellar,  475 

general  vs.  local,  412 

mental,  416 

signal,  425 
tests  of  sensation  in,  437 
tract  of  muscular  sense  in,  442 

of  tactile  sense  in,  445 
variations  in  pulse  in,  419 

in  respiration  in,  419 

in  temperature  in,  420 
vertigo  in,  416 
visual  aura  in,  453 

tract  in,  449 
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istics of.  428 
vomiting  in,  418 
Weber's  syndrome  in,  433 
frontal  lobes  of,  tumors  of,  603 
hemorrhage  in,  490 

pathologv  of,  490 
hyperamiia  of,  488 
maldevelopment  of,  530 
etiology  of,  531 
pathology  of.  M\ 
symptoms  of,  532 
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Brain,  occipital  lol>e  of,  tumors  of,  616 
parietal  lobes  of,  tumors  of,  605 
sensorj'  centres  of,  434 
Sylvian  repon  of,  tumors  of,  607 
temporal  lobe  of,  tumors  of,  607 
tumors  of,  584 
course  of,  616 

differentiated   from   brain   ab- 
scess, 614 
from  cerebral  ana»mia,  615 

hemorrhage,  615 
from  chronic  hydrocepha- 
lus, 615 
from  multiple  sclerosis,  704 
from  nephritis,  615 
from    tuoercular  meningi- 
tis, 614 
etiology  of,  585 
pathology  of,  585 
prognosis  of,  617 
symptoms  of,  594,  596 
general,  597 
localizing,  602 
mental,  599 
treatment  of,  medical,  618 

surgical,  618 
varieties  of,  585 
without  symptoms,  595 
vascular  lesions   of,  situations   of, 

496 
veins  of,  487 
venous  sinuses  of,  581 
Breast,  neuralgia  of,  91 
Bromide  of  sodium  in  treatment  of  acute 
anterior  poliomyelitis,  218 
of  locomotor  ataxia,  327 
Bromides  in  treatment  of  multiple  neuri- 
tis, 112 
of  neuralgia,  88 
Brown-S^quard  paralysis,  375 
Bulbar  palsy,  differentiated  from  amyo- 
trophic lateral  sclerosis.  240 
in  locomotor  ataxia,  314 
paralysis.  (>22 

acute.  554,  622 
apoplcctiforin,  623,  624 
differentiated     from     multiple 
neuritis,  627 
sclerosis.  627 
from    mvastheniii    gravis, 

627 
from    pseudobulbar  paral- 
ysis. 627 
etiology  of,  624 
pathology  of.  624 
prognosis  of.  628 
symptoms  of,  625 
treatment  of.  628 
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Butyl-chlonil   hydrate   in   treatment   of 
neuralgia,  87 
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Caisson  disease,  diagnosis  of,  358 

etiology*  of,  357 
I  pathoTogj*  of,  357 

I  symptoms  of,  358 

treatment  of,  358 
I  Cancer  and  multiple  neuritis,  161 
Cannabis  indica  m   treatment   of   neu- 
ralgia, 87 
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from,  127 
Carcinoma  of  brain,  592 

of  vertebra,  387 
I  pain  in,  388 

j  Caries  of  spine,  383 

course  of,  386 
pain  in,  385 
I  pathology  of,  383 

!  prognosis  of,  387 

symptoms  of,  385 

spinal,  385 
treatment  of,  387 
Cauda  equina,  lesions  of,  194,  378 

pressiu^  on,  194 
Cerebellar  ataxia  in  abscess  of  brain,  575 
disease,    differentiated    from    loco- 
I  motor  ataxia,  318 

I  encephalitis,  554 

;  Cerebellum,  connections  of,  47S 

lesions  of,  in  diseases  of  brain,  476 
I  tumors  of,  611 

I  Cerebral  ansemia,  488 
!  differentiated   from   tumors  of 

I  brain,  615 

arteries,  484 

aneurism  of,  594 
atrophv,  treatment  of,  546 
I  axis,  6*22 

I  embolism,  differentiated  from  apo- 

,  plexy,  519 

pathology  of,  493 
treatment  of,  525 
hemorrhage.  490 

differentiated    from    apoplexy, 
517 
from  tumors  of  brain,  615 
pathology  of.  490 
treatment  of.  523 
hyperannia,  488 
meningitis.  717 

pathology  of,  718 
varieties  of.  717 

endemic.  718.  723 
epidemic     cerebro-spinal , 

718,  721 
hydrocephalus.  719.  723 
secondary.  718,  724 
septic.   718.   724 
syphilitic.  720.  730 
tuberculous.  719.   727 
pacliy meningitis,  709 
externa,  709 
interna,  709 

etiology  of.  709 
pathology  of.  709 
symptoms  of.  710 
treatment  of.  711 
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Cerebral  sensations  in  diseases  of  brain, 
416 
sinuses,  thrombosis  of,  580 
etiology  of,  580 
pathology  of,  493,  580 
symptoms  of,  582 
treatment  of,  582 
spasm  differentiated  from  hysterical 
spasm,  426 
from  spinal  spasm,  426 
syphilis  differentiated  from  paresis, 

562 
thrombosis,  differentiated  from  apo- 
plexy, 518 
treatment  of,  525 
vomiting,  685 
Cerebro-spinal  fluid  in  paresis,  563 
meningitis,  epidemic  of,  718,  721 
nervous  system,  17 
Cervical  plexus,  injuries  of,  57 

vertebra*,  fracture  of,  371 
Cervico-brachial  neuritis,  57 
etiology  of,  57 
pathology  of,  60 
prognosis  of,  60 
s>Tnptoms  of,  57 
treatment  of,  60 
Cervico-occipital  neuralgia,  89 
Charcot  joint  in  locomotor  ataxia,  308 
Charcot-Marie-Tooth  disease,  differenti- 
ated   from    chronic   an- 
terior poliomyelitis,  231 
fonn  of  progressive  mus- 
cular atrophy,  255 
ChejTie-Stokes  respiration  in  diseases  of 

brain.  420 
Chloroform  in  treatment  of  neuralgia,  88 
Choked  disk,  638 
Chorda  tympani,  663 
Chromatin  bodies,  18 
Circumflex  nerves,  paralvsis  of,  65 
Claw-hand,  227 

Club-foot  in  locomotor  ataxia,  311 
Coal-tar  remedies  in  treatment  of  neuritis, 

55 
Cocaine  in  treatment  of  sciatica,  97 
Coccygodynia.  99 

Codeine  in  treatment  of  acute  anterior 
poliomyelitis,  218 
of  neuritis,  55 
Colchicum  in  treatment  of  neuralgia,  87 
Column  of  Burdach,  188 

of  Goll,  188 
Coma,  alcoholic,  differentiated  from  ajx)- 
plexy,  516 
in  apoplexy,  502 

diabetic,    differentiated    from   apo- 
plexy, 516 
in  diseases  of  brain.  417 
Combined  sclerosis,  328 
cases  of,  332 
course  of,  332 
diagnosis  of,  332 
etiology  of,  331 
history  of,  328 
pathology  of.  329 


•  Combined  sclerosis,  prognosis  of,  333 
symptoms  of,  3i31 
treatment  of,  3^ 
vascular  origin  of,  329 
Conjuj^ate  motions  of  the  eyes,  651 
Consciousness  in  apoplexy,  502 
Constipation  in  locomotor  ataxia,  297 
Convulsions  in  diseases  of  brain,  418 

in  tumors  of  brain,  599 
Copper,  multiple  neuritis  from,  140 
Corpora  quadrigemina,  lesions  of,  474 

tumors  of,  610 
Corpus  caUosum,  tumors  of,  607 
Cortical  anaesthesia  in  diseases  of  brain, 
435,  437 
ataxia  in  diseases  of  brain,  436 
centres  of  muscular  sense,  436 
encephalitis,  553 

paralysis  in  diseases  of  brain,  427 
spasms  in  diseases  of  brain,  422 
Cortico-spinal  paralysis,  167 
Counter-irritation  in  treatment  of  acute 
anterior  poliomyelitis,  218 
of  locomotor  ataxia,  322 
Cranial  ner\'es,  630 
Cranio-cerebral  topography,  480 
Crura  cerebri,  lesions  of,  474 
Crural  neuralgia,  92 
Cms  cerebri,  tumors  of,  610 
Cutaneous  nerve,  external,  paralvsis  of, 

72 
Cystic  tumors  of  brain,  592 
Cysts  of  brain,  535 


DEAF-MUTISM  in  maldevelopment 
of  brain,  545 
Deafness,  673 

from  acoustic  nerve  disease,  673 

cortical,  454 

from  ear  disease,  673 

in  maldevelopment  of  brain,  545 

psychical,  455 

subcortical,  456 

word,  455 

in  diseases  of  brain,  464 
Degeneration,  ascending,  in  spinal  cord, 
349 
reaction  of,  51 

secondary,  in  spinal  cord,  348 
Deit-ers'  nucleus,  675 
Delirium  in  diseases  of  brain,  416 
Dendrites,  18 
Diabetes,    multiple    neuritis    following, 

158 
Diabetic  coma,  differentiated  from  apo- 
plexy, 516 
Diffuse  neuritis,  44 
Diphtheria  and  knee-jerk,  141 
Diphtheritic  paralysis,  141 
cases  of,  144 
frequency  of.  141 
patholojajV  of,  141 
prognosis  of,  143 
symptoms  of,   142 
treatment  of,  143 
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l^^^^                                                      ^^^^^         INDEX,                 ^^F                       ^^M 

^^^^^^^"                               Diphtheritic  multiple  m'uritis,  141 

Exophthahnic  fi;oitre  in  lotHimotor  ata^suiv  H 

^1                                                  Diplppia    in    nmlderekijjiiipnt    of   brain. 

314                                                                 _■ 

W                       ^'^^^ 

Eyeball,  mfitor  ner\fs»  of,  644              ^^^B 

■                                                    Disst'iiiinated  myelitis,  355 

EyeSp  conjugate  motions  of»  6dl          ^^^| 

^L                                                          HclerosiSj  697 

^^^H 

^K                                                 Dixziness  in  diseases  of  brain,  41ti 

^m 

^H                                                 Dorsal  vprtebra*,  frarture  of,  372 

Tj^A(*E,  hemiatrophy  of,  m2  M 
F          spasm  of,  in  dlsea.«*P6  of  briiin,  422 

^^^B                                          Drop-wrist.  69 

^^^H                                                           in  iiMiltiple  neuritisp  1<>I5 

Facial  nerve,  663 

^^^*^                                         Dronfjc*ci-fei4  in  multiple  neuritis,  107 
^r                                                  Duchenne's  paralysis,  61 

paralysis,  664                                           ^ 

in  abscess  of  brain,  571                  fl 

diagnosis  of,  668                        ^^B 

etiology  of   665                        ^^H 

H                                              T7CHIN0CO0CU8  of  «pinal  cord,  392 
H                                                   Pi     Eighth  nersT,  673 

pathoto^BO^  of,  6di                    ^^^H 

prognosis  of,  660                     ^^^H 

^B                                                 Electricity  in  treat nient  of  acute  anterior 

symptonis  of,  ij64i                     ^^^H 

^H                                                                        pcilicmiyeliti}^,  219 

treatment  of,  6ei9                   ^^^1 

^H                                                                  of  hemipie^i»,  527 

spasm,  670                                       ^^^H 

^H                                                                   of  locomotor  ataxia,  323 

Fever  in  tumors  of  brain.  601              ^^^^ 

^H                                                                   of  multipk  neuritis,  115 

Mbroma  of  spinal  eordi  392                 ^^^^| 

^H                                                                   of  neuritis,  51,  56,  61 

Fifth  nerve,  «i5G                                       ^^^| 

^H                                                               of  obst^nrieal  paralysis,  64 

paralysi,s  of,  a59,  (Mil            ^^H 

^H                                                               of  ^'ialica,  97 

Fleehsig's  cortical  area^,  471                ^^^H 

^1                                                 Eleventh  nerve,  686 

I'ourth  nerve,  644                                    ^^^B 

^1                                                Ematiation  in  diseases  of  brain,  -420 

paralysis  of,  643                              H 

^^^                                              Embolism,  cerebral,  difTcreiitiated  from 

Fra*'ture  of  cervical  vertebni*.  371            ^M 

^^H                                                                    apoplexy^  519 
^^H                                                         putholopry  of,  493 

of  dorsal  vertebrie.  372                          ^H 

of  lower  lumbar  vertebra*.  378           ^M 

^^r                                                              trt^atmcnt  of,  525 

of  upper  lumbar  vertebne.  375           ^| 

^H                                               Emotion,  disturbance  of^  in  diseafles  of 

Fraenkel    movement    in    trvatn^em     of  H 

^H                                                      brain,  472 

hicomotor  ataxia^  32/                                 H 

^H                                                  Encephalitis,  551 

Friedreich\s  ataxia,  333                           ^^H 

^H                                                          cerebellar,  554 

diagnosis  of,  336                    ^^^M 

^H                                                           coniral,  553 

etiologv  of,  334                        ^^H 

^H                                                          etiology  of,  551 

pathology  of,  333                      ^^H 

^^1                                                          patholoj^y  of,  552 

svmptonis  of,  334                             H 

^^^^^^^^                                          prof^noBis  of,  554 

Frontal  lobes  of  brain,  tumors  of,  fiCKI      ^M 

^^^^^^H                                        s>  inptoms  of,  553 

^M 

^^^^^^^H                                        treatment  of^  555 

^^^H 

^^^^^^H                                                           of,  551 
^^^^^H                                Endarteritii^^  489 

f^  AIT  in  Htmplexv,  504  ^^H 
XJ         i\tnxu%  184'                                 ^^H 

^^^^^^H                                          treatment  of,  522 

in  combined  sclerosis,  332             ^^H 

^^^^^^H                                 Epidemic  multiple  ncuntis,   151 

in  diseaaes  of  spuud  cord,  183         ^M 

patholo^ry  of,  152 

in  lateral  sclerosis,  279                   ^^^M 

syn\ptoms  of,    li>3 

in  locomotor  ataxia,  305               ^^^H 

treatment  of,  154 

in  multiple  neuritis,  105»  122      ^^^| 

typcH  of,  154 

paralytic,   184                                           V 

atrophic,  154 

m     pseudonuiseular     hvpertropHv,  H 

hydropic,   154 

246                                                          ■ 

pernicious,  154 

spai^tic,  184                                               1 

Epidural  tuK>erc\do»ig.  3S4 

Oa«t nc  crises  in  loecjinotor  atuxia,  30l 

Epilepsy  diffcmntiut»xl    from   apoplexy, 

(^Jelseniium    in  treatment   of    nourai|fi«. 

516 

87 

^^H                                                       in  disea^e^i  of  brain,  418 

Gem  mules,  20 

^^Kmh|I                                                         Jaeksonian,  422 

Genital  crises  in  loeomotor  ataxia,  303     ^ 

^^^^^^^1                                          in  maldevclopuicnt  of  brain,  543 

Gerlier^s  disease,  680                                       ■ 

^^^^^^H                                    Emiihlirium, 

^^^^^^H                                   ErnV  jtncnile  dvi^ trophy,  252 

(tirdle  sensation,  374                                        ^M 

Glioma  of  1 1 rain,  5fK)                                       ^M 

^^^^^^H                                   Ergot    in    treatment    of    acute    anterior 

of  «pimd  cord,  393                                   ^M 

^^^^^^1                                                        polioinyeliti^,  218 
^^^^^^H                                                    of  locomotor  ataxia,  326 

Gtiosarcoma  of  brain.  591                            ^M 

(rliosis  spinalis.  Set  *Syringomyrltiu  H 
(UosJ4i>laliii>taryngf^al  |ianil^*iiisj  634        H 

^^^^^H^                                 Erv^sipelas,     multiple     neuritis    after, 

^^^^■1 

GlosMiptmrvufenl  nerve,  68^                        ^M 

^^^^■!                                  Erythromelalgia,  50,  158 

Glyeerr»pho>*phate*  in  treatmciit  of  mill-  ^ 

^^^^^H^                                 Exereim*    in    treatment    of     obstetrical 

fiple  neuritis,  114 

^^^^^^R                                       paralyni?*,  64 

Glyeoimria  in  diseases  of  brmiii.  I20 
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Goitre,     exophthalmic, 

ataxia,  314 
GoU,  column  of,  188 
Gonorrhoea,  multiple  neuritis  after,  148 
Gout,  multiple  neuritis  following,  156 
Gummata  of  brain,  593 
of  spinal  cord,  392 


HiEMATOMYELIA,  366 
diagnosis  of,  380 
etioloe>'  of,  368 
pathoTo^'  of,  366 
prognosis  of,  380 
symptoms  of,  368 
treatment  of,  381 
Hands,  ataxia  in,  306 

paralysis  of,  in  amyotrophic  lateral 

sclerosis,  235 
in    progressive    muscular    atrophy, 

Head,  tenderness  of,  in  abscess  of  brain, 

570 
Headache  in  abscess  of  brain,  568 

in  apoplexy,  499 

in  diseases  of  brain,  413 

in  tumors  of  brain,  597 
Hearing,  disturbances  of,  in  diseases  of 

brain,  454 
Hemians'sthesia,    alternating,    in    apo- 
plexy, 505 

in  diseases  of  brain,  435,  447 

treatment  of,  528 
Hemianopsia,  635 

in  apoplexy,  506 

cortical,  449 

subcortical,  453 

varieties  of,  635 
Hemiataxia  in  apoplexy,  505 
Hemiatrophy  of  face,  662 

in  locomotor  ataxia,  314 

of  tongue,  693 
Hemichromatopsia,  449,  636 
Hemiplegia,  alternating,  in  diseases  of 
brain,  433 

^^  H   - " 

Vsores  in, 

in  diseases  of  brain,  427,  432 

infantile,  538 

in  maldevelopment  of  brain,  538 

prognosis  of,  520 

treatment  of,  527 

Hepatic  crises  in  locomotor  ataxia,  303 

Heteromere  neurones,  191 

Hoffmann,  progressive  neural  muscular  i 

atrophy  of,  255 

duration*  of,  258 

etiolog\'  of,  255    , 

pathology  of,  255 

prognosis  of,  258 

symptoms  of,  256 

treatment  of,  258 

Hydatids  of  brain,  592 

Hydrocephalus,    chronic,    differentiated 

from  tumors  of  brain,  615 

external,  536 


locomotor  Hydrocephalus^  internal,  536 

j  Hydrotherapy  m  treatment  of  acute  an- 
terior poliomyelitis,  219 
of  locomotor  ataxia,  321 
of  multiple  neuritis,  115 
of  obstetrical  paralysis,  64 
\  Hyperemia,  cerebral,  488 
of  optic  nerve,  636 
of  spinal  cord,  337 
Hyperesthesia    in   spinal-cord   disease, 

187 
Hypoglossal  nerve,  692 
Hysteria    differentiated    from    multiple 

sclerosis,  704 
Hysterical  anesthesia  in  spinal-cord  dis- 
ease, 195 
spasm  differentiated  from  cerebral 
spasm,  426 


apoplexy,  503 
oed-sores  in,  608 


ICE  in  treatment  of  neuralgia,  88 
Idiocy  in  maldevelopment  of  brain, 
544 
Idiopathic  multiple  neuritis,  162 
Illuminating-gas,  multiple  neuritis  from, 

127 
Imbecilitv  in  maldevelopment  of  brain, 

544 
Impotence  in  locomotor  ataxia,  297 
Incisures  of  Schmitt-Lantermann,  33 
Infantile  hemiplegia,  538 
paralvsis  of  arm,  61 

differentiated     from     multiple 
neuritis,  110 
spinal  paralysis,  205 

symptoms  of,  209 
Insomnia  in  apoplexy^  500 
in  diseases  of  bram,  417 
in  tumors  of  brain,  601 
Insular  sclerosis,  697 
Intercortical  aphasia  in  abscess  of  brain  ^ 
574 
motor  aphasia  in  disease  of  brain, 

468 
sensory  aphasia  in  diseases  of  brain, 
I  467 

j  Intercostal  neuralgia,  90 
diagnosis  of,  91 
I  treatment  of,  91 

i  Interstitial  neuritis,  44 
!  Intestinal  crises  in  locomotor  ataxia,  302 
I  Intracranial  aneurism,  594 
Iodide  of  potassium  in  treatment  of  mul- 
tiple neuritis,  113 
of    acute    anterior    polio- 
myelitis, 218 
of  locomotor  ataxia,  325 
Iron  in  treatment  of  multiple  neuritis, 
114 


JACKSON  IAN  epilepsv  in  diseases  of 
brain,  422 
Jaw,  spasm  of,  660 

Joint  affections  in  locomotor  ataxia,  308 
in  multiple  neuritis,  108 
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KAKKE,  151 
Kemi^'s  sign  in  acute  spinal  men" 
ingitis  408 
Knee-jerk  and  diphtheria,  141 
in  locomotor  ataxia,  298 
in  spinal  cord  disease,  180 
Kocher's  reflex,  376 


LA  GRIPPE,  multiple  neuritis   due 
to,  145 
Landouzy-Dejerine  tvpe  of  dystrophy, 
252 

Landry's  paralysis,  403 

Lannelongue's  operation  in  maldevelop- 

ment  of  brain,  548 
Laryngeal  crises  in  locomotor  ataxia,  302 
Lateral  sclerosis,  277 

diagnosis  of,  280 
etiology  of,  278 
family  type  of,  278 
histor\'  of,  277 
patholo^  of,  279 
present  in  other  affections,  277 
primarj',  278 
prognosis  of,  280 
secondary  to  other  diseases,  277 
symptoms  of,  279 
syphilitic  type  of,  278 
treatment  of,  280 
Lead  palsy,  135 

case  of,  138 
Legs,  paralysis  of,  in  amyotrophic  lateral 
sclerosis,  237 
in    pseudomuscular    hypertro- 
phy, 247 
spasm  of^  in  diseases  of  brain,  424 
Leprous  neuritis,  148 

pathology  of,  148 
symptoms  of,  149 
Lipoma  of  spinal  cord,  394 
Lissauer's  tract,  188 
Little's   disease    in    maldevelopment    of 

brain,  542 
Locomotor  ataxia,  282 

a^e  ol"  onset  in,  293 
causos  of  death  in,  314 
course  of.  315 

varieties  in,  315 
crises  in,  301 
diagnosis  of,  317 
differentiated  from  ataxic  para- 
plegia, 31 S 
from     cerebellar     disease, 

318 
from  disseminated  sclerosis, 

319 
from  general  paralysis,  318 
from  multiple  neuritis,  109, 
111,  317 
sclerosis,  704 
from  neurasthenia,  319 
from  spinal  syphilis,  319 
etiolo«ry  of.  291 
gait  in.  305 
irregular  modes  of  onset  in.  299 


Locomotor  ataxia,  paralysis  in,  314 
pathology  of,  282 
stages  of,  293 
symptoms  of,  293 
mental,  313 
physical  signs,  297 
syphilis  and,  292 
treatment  of,  319 

mercurial,  324 
yoluntary  acts  in,  304 

character  of,  304 
tests  for,  305,  307 
Lumbar  nerves,  paralysis  of,  71 
puncture,  720 

vertebra,  lower,  fracture  of,  378 
upper,  fracture  of,  375 
Lumbo-abdominal  neuralgia,  92 


MAIN  EN  GRIFFE    185,  227 
Malarial  fever,   multiple  neuritis 
after,  146 
Maldevelopment  of  brain,  530 
etiolog>'  of,  531 
pathology  of,  531 
symptoins  of,  532 
Marie's  oisease,  differentiated  from  mul- 
tiple sclerosis,  705 
Massage  in  treatment  of  acute  anterior 
poliomyehtis,  219 
of  locomotor  ataxia,  321 
of  multiple  neuritis,  113 
of  neuralgia,  88 
of  neuritisj  55,  56 
of  obstetrical  paralysis,  64 
of  sciatica,  97 
Mastodynia,  91 
I  Mauthner,  sheath  of,  33 
Median  nerve  injury,  48 
paralysis  of,  09 
Medulla,  tumors  of,  611 
M6nidre's  disease,  078 
Meningeal  hemorrhage,  712 

thickening  in  tabes,  2S9 
Meningitis,  acute  spinal,  406 
course  of,  40S 
diagnosis  of,  409 
etiology  of,  406 
pathology  of,  406 
prognosis  of,   401> 
symptoms  of,  40S 
treatment  of,  409 
cerebral.  717 

pathology  of,  71.^ 
varieties  of,  717 
chronic  spinal,  410 

diagnosis  of,  411 
pathology  of.  410 
symptoms  of,    410 
treatment  of,  411 
differentiated  from  absces-;  of  brain 

576 
in  infants,  723 

tuberculous,     differentiated      from 
tumors  of  brain,  614 
of  cord,  384 
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Meningitis,  varieties  of,  endemic,  718,  723 
epidemic    cerebro-spinal,    718, 

721 
hydrocephalus,  719,  723 
secondan-,  718,  724 
septic,  7i8,  724 
s>'philitic,  720,  730 
tuberculous,  719,  727 
Meningo-encephalitis,  535 
Mental  symptoms  in  multiple  neuritis, 

109.  123 
Mercur>%  multiple  neuritis  from,  139 
Miliary  aneurisms,  489 
Mono-anapsthesia  in  diseases  of  brain,  447 
Morphine    in    treatment    of    locomotor 
ataxia,  326 
of  neuralgia,  87 
Morton's  toe,  74 
Motor  nerves  of  eyeball,  644 
Multiple  neuritis,  alcoholic,  117 
cases  of,  126,  127 
etiolog>'  of,  119 
pathoTog>'  of,  118 
s\nnptom8  of,  120 
treatment  of,  125 
due  to  anicmia,  129 
arsenical,  129 
cases  of,  134 
diagnosis  of,  133 
occurrence  and  source  of 

poisoning,  131 
pathology  of,  131 
symptoms  of,  131 
treatment  of,  134 
and  can(»er,  161 
from  carl)on-monoxide,  127 
due  to  coal-tar  products,  128 
from  copper,  140 
course  of,  109 
dial)otes  following,  158 
diagnosis  of,  110 
diffen»ntiated  from  bulbar  par- 
alysis. 627 
froni    infantile    paralvsis, 

110 
from     locomotor     ataxia, 

109,   111,  317 
from  myelitis,  111 
after  diphtheria,  141 
duration  of,  110 
epidemic,  151 

pathology  of,  152 
symptonis  of,  153 
treatment  of,  154 
types  of,  154 

atrophic,  154 
hydropic,  154 
pernicious,  154 
after  erysip<»las,   148 
etiology  of,  102 
fever  in,  109 
after  gonorrhoea,  148 
following  gout,  156 
(hie  to  the  grippe,  145 
idiopathic,  162 
from  ilhiminating  gas,  127 


Multiple    neuritis    due     to     infectious 
agents,  141 
due  to  lead  poisoning,  135 
duration  of,  137 
etiology  of,  135 
pathology  of,  136 
sources  of  poisoning, 

135 
symptoms  of,  136 
treatment  of.  139 
after  malarial  fever,  146 
from  mercury,  139 
from  phosphonis,  139 
prognosis  of,  112 
aft^r  puerperal  fever,  148 
pulse  in,  109 
and  rheumatism,  155 
senile,  163,  164 
after  septicirmia,  148 
from  silver,  139 
from  sulphide  of  carbon,  128 
due  to  sulphonal.  128 
symptoms  of,  103 
mental,  109,  123 
motor,  105 
sensor>',  103 
trophic,  108 
vasomotor,  108,  123 
and  syphilis,  160 
toxic  forms  of,  117 
treatment  of,  112 
due  to  trional,  128 
and  tuberculosis,  159 
after  typhoid  fever,  146 
varieties  of,  102 
after  variola,  147 
due  to  various  infections,  146 
sclerosis,  697 

cases  of,  703 
course  of.  702 

different  iat<?d    from    amyotro- 
phic lateral  sclerosis,  704 
from  ataxic  paraplegia, 704 
from  bulbar  paralysis,  627 
from  hysteria,  704 
from  lateral  sclerosis,  704 
from  locomotor  ataxia,  704 
from  Marie's  disease,  705 
from  paresis,  562,  704 
from  tumors  of  brain,  704 
etiolog\'  of,  699 
pathoTog>'  of,  697 
prognosis  of,  705 
symptoms  of,  700 
tn»atment  of,  705 
Muscles  in  chronic  anterior  poliomyelitis, 
225 
serratus  magnus,  paralysis  of,  66 
spasm  of.  in  neuritis,  52 
spasmodic   contraction   of,   in   dis- 
eases of  spinal  cord,  178 
Muscular  atrophv  in  locomotor  ataxia, 
312 
of  peroneal  type,  255 
in  syringomyelia,  272 
dystrophies,  241 


^^H           742                 ^^^^^                                 ^^^^^^^^^^1 

^^^^H              Muscular  dv^trnphie^,  cla^ificatioti   of, 

;  Nerves,  cranial,  filO                       ^^^^^^B 

^^P 

defreneration  hi,  34                          ^^^H 

^^^^^                                differentiated     from    aiiiyotri>- 

eighth,  073                                      ^^^ 

phie  latc^rai  (^clemsis,  2'^9 

eleventh,  «i86 

frofij  chronic  anterior  polkn 

external  cutaneous,  paralysis  of,  72 

invelitis.  2:40 
etiolojty  of,  242 

popliteal,  paralysis  of,  74,   156  fl 

faeial,  04i3                                               ■ 

pathf>loj£>'  of»  24:i 

fibre,  histology  of,  31                            ^M 

prognoHiK  of,  254 

Efth,  656                                                 ^ 

s\^mptoms  of,  245 

paralysis  of,  659,  661             ^^H 

fourth,  t>44                                          ^^^1 

tlieory  «if  rlit*  disease,  242 

treatment  of,  254 

paralysis  of.  649                       ^^^^| 

variptie.s  of,  245 

giossnphuryn^eal,  <^2                      ^^^H 
lypi •glossal,  <i92                                ^^H 

H^^^^^l 

ICuaculospiral  nerve  injury,  48,  52 

parah  sis  of*  (iH 

injuries  of,  34                                    ^^^| 

Myftsthenia  ^mvis,  t)27 

cell  changes  after,  44               ^^^H 

Mvelin  sheath  of  nerve.  31 

symptoms  of,  46                     ^^^H 

Myelitis,  339 

ana'f^hesia,  47                  ^^^H 

chronic,  351,  359 

nmnbness,  47,  49             ^^^^t 

diajunosis  of,  3<i3 

pain,  47,  49                      ^^^^^ 

etioloK>^  of,  359 

paralysis,  47,  51               ^^^B 

"                                              pathology  of,  3tK) 

trophic  chanjies,  47,  19         ^M 
intenifd  |Kiplitoal,  paralysis  nf^  74      H 

a\aiipt<inis  of,  352 

treatment  of.  3*V4 

lumbar^  paralysis  of,  71                           H 

compression,     differentiated     from 

rnethan,  paralysis  of,  69                   ^^H 
motor,  ot  eyeball.  644                       ^^^H 

amyotrtiplnr  lateral  sclerosis,  240 

diflfereiitiated  from  multiple  Uiniritis, 

musculospiral,  paralysis  of,  68       ^^^^ 

111 

mvelin  sheath  of,  31                         ^^^M 

disseminated,  355 

niiith,  <>82                                          ^^H 

etiology  of,  340 

oculomotor,  644                                ^^^^| 

infectious  orij^in  of,  340,  345 

olfactory,  (i32                                  ^^^| 

pathology  of,  342 

optic.  633                                          ^^H 

projfnosis  of,  355 

ann^mia  of,  637                         ^^^H 

puer]M»ral>  341 

atniphy  of,  642                         ^^^H 

sjmiptoma  of,  350 

diagnosis  of,  643             ^^^H 

spinal,  direct*  350 

etiology  of ,  642                ^^H 

indirect,  3.5() 

prognosis  of,  643              ^^^^| 

syphilitic,  341 

83rmptoins  of,  643            ^^^H 

toxic.  341 

treatmeni  of.  644             ^^^| 

transverse,  caf^s  of.  351 

hvpenemia  of,  636                   ^^^H 
<i'dfema  of,  (538                         ^^^H 

traumatic,  341 

treatment  of.  35ti 

plant ar,  parahsis  of,  74                   ^^^| 

varieties  of,  340 

pneumogastric,  683                            ^^^| 

Mj-^lomalacia,  340,  34(i 

posterior  thoracic,  paraiysU  of.  09     V 

patholoi^y  of,  34ti 

recurrent  lar>'ngeAl,  6*^*                   ^^^B 

8yrapt*)ms  of,  35tl 

rt;gi^neration  of,  39,  40                     ^^^H 

treatment  of,  35ti 

sclatit',  paralysis  of,  72                   ^^^^| 

MyosiB,  spinal,  ti49 

seventh,  663'                                     ^^^| 

Myotonia  congenita,  258 

sixth,  tV44                                            ^^H 

sj^mptonis  of,  258 

paralysis  of,  650                       ^^^H 

Mj^xoma  of  spinal  «H>rd,  394 

spinal  acce8sor\\  686                       ^^^H 

paralyds  of,  6S6              ^^^^| 

suprascapular,  paralvsin  of,  65      ^^^B 

tenth.  l>83                                                   ^ 

T^AKCOI.EI^Y  in  diseases  of  brain, 

third,  644                                         ^^M 

Nasal  diaeaae  and  abscess  of  brain,  506 

paralysis  of.  646                      ^^^H 

Nausea  in  diseases  of  lirain,  418 

etiolufQ^  of,  646                ^^H 

Neck,  paralysis  of,  in  amyotrophic  lateral 

symptoms  of,  617             ^^^^| 

sclerosis,  "238 

trigeminal,  656                                 ^^^H 

Nephritis  differentiated  from  tumors  of 

tumors  of,  75                                     ^^^H 

brain,  Iil5                                                  ' 

twelfth.  692                                        ^^M 

Nerves,  auditory,  073 

ulnar,  paralysis  of,  69,  71.  150     ^^^B 

axi«  rv4 Older  of,  31 

yagus,  (583  '                                     ^^H 

size  of,  31 

paralysis  of,   taryitgei^   iiyin^^^| 

in  chroruc  anterior  poliomyelitis,  224 

toms  from,  tV%4                             ^M 

circumflex,  jiandysis  of,  (15 

vestibular,  675                                         ^M 

^^^^^HM 

J2_                  _ 
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Nerves  of  Wrisberg,  663 
Nervous  system,  syphilis  of,  706  . 
varieties  of,  706 
deposits,  708 
endarteritis  and  soft- 
ening, 706 
exudation,  707 
hereditar>%  708 
toxic  effects,  706 
Neuralgia,  78 

climatic  conditions  causing,  80,  82 
electrical  states  of  the  air,  and,  80 
etioloey  of,  79 
pathology  of,  78 
special  forms  of,  82 
brachial,  90 
of  breast,  91 
cervico-occipital,  89 
coccygodvnia,  99 
crural,  9^ 
intercostal,  90 

diagnosis  of,  91 
treatment  of,  91 
lumbo-abdominal,  92 
of  ovaries,  98 
sciatica,  93 

diagnosis  of,  95 
etiology  of,  93 
symptoms  of,  93 
treatment  of,  96 
of  testicles,  98 
trigeminal,  82 

treatment  of,  85 
symptoms  of,  80 
treatment  of,  81 
Neurasthenia  differentiated   from  loco- 
motor ataxia,  319 
from  paresis,  562 
Neuritis,  42 

apoplectic,  59 
ascending,  53 
brachial,  59 

etiology  of,  57 
pathology  of,  60 
prognosis  of,  60 
symptoms,  of,  59 
treatment  of,  60 
diagnosis  of,  53 

differentiated     from     acute    polio- 
myelitis, 217 
from    chronic    anterior    polio- 
myelitis, 231 
diffuse,  44 

electrical  changes  in,  51 
interstitial,  44 
leprous,  148 

pathology  of,  148 
symptoms  of,  149 
multiple,  alcoholic,  117 

cases  of,  126,  127 
etiology  of,  119 
pathology  of,  118 
symptoms  of,  120 
treatment  of,  125 
due  to  antcmia,  129 
arsenical,  129 


Neuritis,  multiple,  arsenical,  cases  of,  134 
dliagnosis  of,  133 
occurrence  and  source  of 

poisoning,  131 
pathology  of,  131 
symptonis  of,  131 
treatment  of,  134 
and  cancer,  161 
due  to  coal-tar  products,  128 
from  copper,  140 
course  of,  109 
and  diabetes,  158 
diagnosis  of,  110 
differentiated  from  bulbar  par- 
alysis, 627 
from    infantile    paralvsis, 

110 
from     locomotor     ataxia, 

109,  111,  317 
from  myelitis.  111 
after  diphtheria,  141 
duration  of,  110 
epidemic,  151 

pathology  of,  152 
symptoms  of,  153 
treatment  of,  154 
types  of,  154 

atrophic,  154 
hydropic,  154 
pernicious,  154 
after  erysipelas,  148 
etiolojfy  of,  102 
fever  m,  109 
I  after  gonorrhoea,  148 

I  and  gout,  156 

I  due  to  grippe,  145 

idiopathic,  162 
due  to  infectious  agents,  141 
due  to  lead  poisoning,  135 
duration  of,  137 
etiolog}'  of,  135 
pathology  of,  136 
sources  of  poisoning, 

135 
symptoms  of,  136 
treatment  of,  139 
after  malarial  fever,  146 
from  mercury,  139 
from  phosphorus,  139 
prognosis  of,  112 
after  puerperal  fever,  148 
pulse  in,  109 
and  rheumatism,  155 
senile,  164 

after  septicspinia,  148 
from  silver,  139 
due  to  sulphonal,  128 
svmptoms  of,  103 
mental,  109,  123 
trophic,  108 
vasomotor,  108,  123 
and  syphilis,  160 
treatment  of,  112 
due  to  trional,  128 
and  tuberculosis,  159 
after  typhoid  fever,  146 
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Neuritis,  multiple,  varieties  of,  102 
after  variola,  147 
due  to  various  infections,  146 
optic,  639 

in  abscess  of  brain,  571 
diagnosis  of,  640 
in  diseases  of  brain,  419 
etiology  of,  639 
ophtlmlmoscopic  appearance  in, 

641 
prognosis  of,  641 
symptoms  of,  640 
treatment  of,  641 
in  tumors  of  brain,  600 
parenchymatous,  43 
pathology  of,  42 
periaxillary,  45 
prognosis  of,  53 
of  Sioulder-joint,  65 
spasm  of  muscles  in,  52 
symptoms  of,  duration  of,  52 
treatment  of,  54 

surgical,  54,  55 
vasomotor  symptoms  in,  50 
Neuroma  of  nerves,  75 
Neurones,  18 

axones  in,  20 
cell  body  of,  18 
chemistry  of,  28 
chromophile  bodies  in,  18 
classes  of,  18,  21,  26 
dendrites,  18 
effect  of  work  upon,  27 
fibrils  in,  18 
heteromere,  191 
Nissl  bodies  in,  18 
nutrition  of,  27 
pathology  of,  28 
relations  of,  26 
sensorv,  23 
size  of,  18 
tantouiere.  191 
tigroid  in,  18 
types  of,  21 
vacuoles  in,  28 
varieties  of,  26 
Ninth  nerve,  682 
Nissl  bodies,  18 

changes  in,  27,  28  ' 

Nitrate  of  silver  in  treatment  of  loco- 
motor ataxia,  326 
Nitroglvcerin  in  treatment  of  neuralgia, 

87     * 
Nodding  spasm,  692 
Nodes  of  Ranvier,  31 
Numbness  in  apoplexy,  501 
Nystagmus  in  combined  sclerosis,  332 


OBSTETRICAL  paralvsis,  61 
cases  of,  62,  63 
method  of  production  of,  64 
treatment  of,  (>4 
Occipital  lobe  of  brain,  tumors  of,  606 
Oculomotor  nerve,  644 

palsies  in  locomotor  ataxia,  313 


Oculomotor  paralysis,  recurrent,  652 
(Edema  of  optic  nerve,  638 
Olfactory  nerve,  632 
Ophthalmoplegia,  653 
externa,  653 
acute,  655 
chronic,  655 
etiology  of,  653 
pathoTog}'  of,  655 
prognosis  of,  656 
symptoms  of,  655 
treatment  of,  656 
interna,  653 
Ophthalmoscopic   appearance   in    optic 
atrophy,  643 
neuritis,  641 
Opium    poisoning    differentiated    from 
apoplexy,  516 
in  treatment  of  multiple  neuritis, 
112 
of  neuralgia,  87 
Optic  atrophy  in  locomotor  ataxia,  300 
ophthalmoscopic  appearance  i n , 
643 
nerve,  633 

anicmia  of,  637 
atrophy  of,  642 

diagnosis  of,  643 
etiology  of,  642 
prognosis  of,  643 
symptoms  of,  643 
treatment  of,  644 
h>T)era*mia  of,  636 
oedema  of,  638 
neuritis,  639 

in  abscess  of  brain,  571 
diagnosis  of,  640 
in  diseases  of  brain,  419 
etiologv  of,  639 
ophthalmoscopic  appearance  in, 

641 
prognosis  of,  641 
svnnptoms  of,  640 
treatment  of,  641 
in  tumors  of  brain,  600 
thalamus,  tumors  of,  609 
Optical  aphasia  in  diseases  of  brain,  46<> 
Osmic  acid  in  treatment  of  sciatica,  07 
Otitis  media  and  abscess  of  brain,  r>(»5 
Ovaries,  neuralgia  of,  98 


PACHYMENINOriTS,  cerebral,  7W 
externa,  709 
interna,  709 

etiology  of,  709 
pathology  of.  709 
symptoms  of,  710 
treatment  of,  711 
cervicalis  hypertrophica,  400 
etiology  of,  401 
symptoms  of,  401 
treatment  of,  402 
Pain  in  carcinoma  of  spine,  38S 
in  caries  of  spine,    3K5 
in  locomotor  ataxia.  294 
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Pain  sense,  tract  of.  192 

in  spinal-cord  disease,  196 
in  tumors  of  spinal  cord,  395 
Painful  shoulder,  65 
Palsy,  Bell's,  664 

"birth,  electrical  tests  in,  62 
Parsesthesia  of  cortical  origin,  435 

in  locomotor  ataxia,  294 
Paralysis,  abducens,  650 
acute  progressive,  403 

pathology  of,  404 
symptoms  of,  404 
alternating,  in  apoplexy,  504 
in  anterior  poliomyelitis,  210 

types  of,  213 
in  apoplexy,  503 

of  arms  in  pseudomuscular  hyper- 
trophy, 249 
ascending  spinal,  222 
asthenic,  628 
Bemhardt's,  71 
Bro\\Ti-S6quard's,  375 
bulbar,  622 
acute    554 

apoplectiform,  623,  634 
chronic,  624 

differentiated     from     multiple 
neuritis,  627 
sclerosis,  627 
from    myasthenia    gravis, 

627 
from   pseudobulbar  paral- 
ysis, 627 
etiology  of,  624 
pathology  of,  624 
prognosis  of,  628 
symptoms  of,  625 
treatment  of,  628 
chronic     atrophic,    diagnosis    of, 

230 
of  circumflex  nerve,  65 
cortical,  in  diseases  of  brain,  427 
from  cms  lesions,  433 
cases  of,  144 
diphtheritic,  141 
frequency  of.  141 
pathology  of,  141 
prognosis  of,  143 
symptoms  of,  142 
treatment  of,  143 
Duchenne's,  61 
of  external  cutaneous  nerve,  72 

popliteal  nerve,  74,  156 
facial,  664 

in  abscess  of  brain,  571 
diagnosis  of,  668 
etiolog>'  of,  665 
pathology  of,  664 
prognosis  of,  669 
symptoms  of,  666 
treatment  of,  669 
of  fifth  nerve,  659,  661 
of  fourth  nerve,  649 
general,    differentiated    from    loco- 
motor ataxia,  318 
gl<.>sso-lal)io-laryngeai,  624 


Paralysis  of  hands  in  amyotrophic  lat- 
eral sclerosis,  235 
infantile,  of  arm,  61 

differentiated     from     multiple 

neuritis,  110 
spinal,  205 

symptoms  of,  209 
from  internal  capsule  lesions,  432 
of  internal  popliteal  nerve,  74 
Landiy's,  403 

of  legs  in  amyotrophic  lateral  scle- 
rosis, 237 
in    pseudomuscular    hx-pertro- 
phy,  247 
of  lumbar  nerves,  71 
of  median  nerve,  69 
from  medulla  lesions,  433 
in  multiple  neuritis,  105 
of  musculospiral  nerve,  68 
of  neck  in  amyotrophic  lateral  scle- 
rosis, 238 
obstetrical,  61 

cases  of,  62,  63 
method  of  production  of,  64 
treatment  of,  64 
patheticus,  649 
of  plantar  nerves,  74 
from  pons  lesions,  433 
of  posterior  thoracic  nerve,  66 
recurrent  oculomotor,  652 
of  sacral  plexus,  72 
of  sciatic  nerve,  72 
of  serratus  magnus  muscle,  66 
of  sixth  nerve,  650 
spastic,  of  infants,  540 

in    maldevelopment    of   brain, 
540 
spinal,  177 

accessory  nerve,  686 
cord  disease,  165,  177 
subcortical,  in    diseases    of   brain, 

430 
of  suprascapular  nerve,  65 
of  third  ner\-e,  646 

etiology  of,  646 
symptoms  of,  647 
of  tongue,  693 
of  ulnar  ner\'e,  69,  71,  156 
of  vagus  nerve,  laryngeal  symptoms 
from,  684 
Paralytic  gait,  184 
Paraphasia  in  diseases  of  brain,  468 
Paraplegia,  ataxic,  differentiated  from 
locomotor  ataxia,  318 
from  multiple  sclerosis,  704 
dolorosa,  388 
senile,  364 
Parenchymatous  neuritis,  43 
Paresis,  556 

cerebro-spinal  fluid  in,  563 
differentiated  from  cerebral  syphilis, 
562 
from    multiple    sclerosis,    562, 

704 
from  neurasthenia,  562 
etiology  of,  55(i 
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Paresis,  general,  differentiated  from  apo- 
plexy, 517 
pathology  of,  556 
prognosis  of,  562 
sjrmptoms  of,  558 
mental,  559 
physical,  560 
syphilis  and.  556 
treatment  ot,  563 
Parietal  lobes  of  brain,  tumors  of,  605 
Patheticus  paralysis,  649 
Percussion  note  m  abscess  of  brain,  570 
Periaxillary  neuritis,  45 
Periplegia  In  abscess  of  brain,  575 
Perha's  scheme  of  nuclei  of  oculomotor 

nerve,  645 
Pharyngeal  crises  in  locomotor  ataxia, 

303 
Phenacetin  in  treatment  of  locomotor 

ataxia,  326 
Phosphorus,  multiple  neuritis  from,  139 
Plantar  nerve  injury,  48 
paral}r8is  of,  74 
Plexuses,  injuries  of,  prognosis  of,  54 
Pneumogastric  nerve,  683 
Polioence{)halitis,  inferior,  554 

superior,  554 
Poliomyelitis,  acute  anterior,  203 
age  at  onset  of,  203 
atrophy  in,  210 
condition    of    bladder    in, 

209 
course  of  the  case  in,  215 
deformities  in,  221 
differentiated   from   acute 
rheumatism,  216 
from  neuritis,  217 
from  rachitis,  216 
electrical  reaction  in,  210 
epidemics  of,  204 
etiology  of,  203 
fever  iii,  209,  212 
growth  of  bones  in,  214 
infection  as  a  cause  of,  204 
month  of  onset  of,  204 
pain  in.  209 
paralysis  in,  210 

types  of,  213 
pathology  of,  205 
permanent    conditions   in, 

210 
prognosis  of,  217 
spinal  curyature  in,  221 
symptoms  of,  209 
treatment  of,  218 
types  of  onset  in,  214 
chronic  anterior,  222 

differentiated  from  amyo- 
trophic lateral  scler- 
osis, 230 
from     Charcot-Marie- 

Tooth  disease,  231 
from     muscular    dys- 
trophy. 230 
from  neuritis.  231 
hands  in.  227 


Poliomyelitis,  chronic  anterior,  historv 
of,  222 
muscles  in,  225 
ner\'es  in,  224 
patholo^  of,  223 
prognosis  of,  231 
symptoms  of,  225 
treatment  of,  232 
types  of.  222 
Polyneuritis,  senile,  163 
Polyuria  in  diseases  of  brain,  420 
Pons,  lesions  of,  in  diseases  of  brain,  475 

tumors  of,  611 
Popliteal  nerve,  external,   paralvsis  of, 
74,  156 
internal,  paralysis  of,  74 
Porenoephalus,  533 
Post-epileptic  paralysis   in   diseases   of 

brain,  425 
Progressive  muscular  atrophv,  222 

atrophy  of  shoulder  in,  228 
Charcot-Marie-Tooth  form 

of,  255 
duration  of,  230 
electrical  changes  in,  229 
neural  muscular  atrophy  of  Hoflf- 
mann,  255 
duration  of,  258 
etiolog>'  of,  255 
pathoTo^  of,  255 
prognosis  of,  258 
s\Tnptoiii8  of,  256 
treatment  of,  258 
Psammoma  of  spinal  cord,  3^ 
Pseudobulbar  paralysis,  627 
Pseudomuscular  hypertrophy,  246 
act  of  rising  in,  24Y 
course  of,  251 
deformities  in,  250 
electrical  contract ihtv  in,  250 
gait  in,  246 
symptoms  of,  246 
Pseudosclerosis,  704 

Psychical  blindness  in  diseases  of  brain, 
450 
deafness  in  diseases  of  brain,  455 
Ptosis,  647 
Puerperal  multiple  neuritis,  148 

myelitis,  341 
Pulse  in  tumors  of  brain.  601 

variations  in,   in  diseases  of  brain, 
419 
Pupil,  dilatation  of,  causes  of,  649 

mechanism  of,  648 
Purgatives  in  treatment  of  sciatica,  *M\ 


QUINCKE'S  puncture  in  acute  spinal 
meningitis,  409 
Quinine  in  treatment  of  multiple  neuritis 
113 


RACHITIS  differentiated   from  acutt' 
poliomyelitis,  216 
Ranvier,  nodes  of,  31 
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Rectal  crises  in  locomotor  ataxia,  302 
symptoms    in    combined    sclerosis, 
332 
Rectum,  mechanism  of,  183 

spinal  centres  of,  183 
Recurrent  oculomotor  paralysis,  652 
Referred  pains,  99 

Reflex  action,  disturbances  of,  in  spinal- 
cord  disease,  178 
acts,  mechanism  of,  26 
Renal  crises  in  locomotor  ataxia,  303 
Respiration,  variations  in,  in  diseases  of 

brain,  419 
Respiratory  bundle,  682 
Retmal  artery,  thrombosis  of.  637 
Rheumatism,  acute,  differentiated  from 
acute  fwliomyelitis,  216 
and  multiple  neuritis,  155 


SACRAL  plexus,  paralysis  of,  72 
Salicylate  of  sodium  in  treatment 
of  acute  anterior  polio- 
myelitis, 218 
of  locomotor  ataxia,  326 
Salicylates    in    treatment    of    sciatica, 

96 
Salicylic  acid  in  treatment  of  multiple 

neuritis,  112 
Sarcoma  of  brain,  587 
of  spinal  cord,  391 
of  vertebra,  387 

symptoms  of,  388 
Schmitt-Lantermann,  incisures  of,  33 
Schwann,  sheath  of,  32,  37 
Sciatic  nerve,  paralysis  of,  72 
Sciatica,  93 

course  of,  95 
diagnosis  of,  95 
etiology  of,  93 
gait  in,  94 
gout  as  a  cause  of,  93 
herpes  in,  95 
pain  in,  94 
prognosis  of,  96 
symptoms  of,  93 
treatment  of,  96 
Sclerosis,  amyotrophic  lateral,  233 

causes  of  death  in,  238 
course  of,  236 
differentiated  from  bulbar 
palsy,  240 
from  chronic  anterior 

poliomyelitis,  230 
from  compression  my- 
elitis, 240 
from   multiple  sclero- 
sis, 704 
from    muscular    dys- 

trophv,  239 
from   primary   lateral 

sclerosis,  240 
from    svringomyelia, 

240   '  *  I 

from  tumors  of  spinal  j 

cord,  240  ! 


Sclerosis,  amvotrophic  lateral,  duration 
of,  238 
electrical  reaction  in,  238 
etiology  of,  235 
illustrative  case  of,  239 
patholog\'  of,  233 
svmptoms  of,  235 

bulbar,  237 
treatment  of,  240 
combined,  328 
cases  of,  332 
course  of,  332 
diagnosis  of,  332 
etiolog>'  of,  331 
histor\''  of,  328 
pathology  of,  329 
prognosis  of,  333 
symptoms  of,  331 
treatment  of.  333 
vascular  origin  of,  329 
disseminated,  697 

differentiated   from   locomotor 
ataxia,  319 
insular,  697 
lateral,  277 

diagnosis  of,  280 
differentiated     from     multiple 

sclerosis,  704 
etiolog>'  of,  278 
familv  tvpe  of,  278 
histofv  of,  277 
pathology  of,  279 
present  in  other  affections,  277 
primary,  278 
prognosis  of,  280 
secondar>'  to  other  diseases,  277 
symptoms  of,  279 
svphilitic  tvpe  of,  278 
.  treatment  of,  280 
multiple,  697 
cases  of,  703 
course  of,  702 

differentiated  from  amyotrophic 
lateral  sclerosis,  704 
from  ataxic  paraple^a,704 
from  bulbar  paralysis,  627 
from  hysteria,  704 
from  lateral  sclerosis,  704 
from  locomotor  ataxia,  704 
from  Marie's  disease,  705 
from  paresis,  562,  704 
from  tumors  of  brain,  704 
etiolog>'  of,  699 
pathology  of,  697 
prognosis  of,  705 
symptoms  of,  700 
treatment  of,  705 
posterior    spinal.     See    Lowmotor 
ataxia, 
lesions  of,  285 
primarv'  lateral,  differentiated  from 
amyotrophic  lateral  sclerosis,  240 
of  spinal  cord  in  pernicious  antemia, 
338 
Sclerotic  atrophy  of  brain.  532 
Senile  multiple  neuritis,  163 


■ 

^^^1                     ^^^^^P                      ^^^^V         ^^M 

^^^H 

^^^^H               Senile  paraplegia,  ;KU 

Spinal-cord    rliseuse,  aniP«5ih€*siA  in  ilid-  H 

^^^^^^^1 

^^^^H               Sensation,  casturhant  i^s  of,  in  spinal-oord 

tribution  «if,  IH7,  193         ■ 

^^^^^^^1 

^^^^^H                            diserusf'. 

diairnosis  of,    165                     ^t 

^^^^^^^1 

^^^^H                       tests  of,  ill  disf'as(>  oi  hvmu,  437 

pit  in,  183                               ■ 
h>T>enp^the^ia  in,  187          H 

^^^^^^^1 

^^^^^f                Benson'  dbturlniiux-B,  propionis  ot\  521 

^^^^^^^B 

Septic  "cerebral  ineninfijitis.  718,  724 

localisation  of^  165                  ^M 

^^^^^^H 

Septicemia,  multiple  netiritis  after,  148 

pain  in.  196                                H 

^^^^^^1 

Serratus  niacins  musele,  paralysis  of,  t>6 

paralysis  from,  IfiS,  177       fl 

^^^^^^H 

Seventh  ner\  e,  663 

symptoms  of,   166                  ^M 

^^^^^^H 

Sheath  of  Maulhncr,  33 

trophic,  197                       H 

^^^^^^H 

of  SehwHTuj,  32.  37 

va^motor,  197              ^M 

^^^^^^1 

Shoulder,    atrophv    tif,    in     progressive 

groups  of  cells  in,  172,  174  ^^H 
h^Tienemia  of,  337                   ^^^M 

^^^^^^H 

rauscolar  atropfiy,  22S 

^^^^^^H 

ShoukltT'joint.  neuritis  of,  65 

iujtiries  of,  366                         ^^H 

^^^^^^H 

Silver,  muhiple  neuritis  from,  139 

diagno«ns  of,  380             ^^H 

^^^^^^H 

Sinuses,  cerebral  thrombosis  of,  580 

treatment  of,  381            ^^H 

^^^^^^^1 

ctiolocy  of,  58<> 
pathology  nf.  580 

surgical,  3H1              ^^M 

^^^^^^^1 

lemons  of,  relation  of  growth  of  H 

^^^^^^H 

pivn^ptotiis  of,  582 

liraKs  to.  2t>5                        ■ 

L         ^H 

tn-atment  of,  582 

relation  of  pain  to,  2(i5         H 

jj^^^^^^B 

Sixth  nerve,  644 

localization  of  motor  functmn-i  H 

^^I^^^H 

paralysis  of,  650 

in,  173                                           ■ 

HH^^^B 

Skin»  dieciaa&s'off  in  loeomutor  atuxia. 

motor  cells  of,  171                           H 

i^^^^^B 

311 

tract  of,  166                            fl 

^H 

reflexes  in  t*pinal-n>rd  disease,  182 

p\Tamidal  tract  of,  166                 H 

^H 

:^'nsor\'  supply  of»  374 

relation  of,  to  vertebra?,  370      H 

H         .^H 

Skull,  nipasurementB  of,  538 

sclerosis  of,  in   peruicioua  ahip-   H 

^^^^^^^1 

percusj^ion  note  on,  570 
Smell,   dist urban  1-138  of,    in   diseases  of 

mia,  338                                         ■ 

^^^^^^^1 

secondary  degeneration  iis^  34S  H 

^^^^^^^1 

braiu,  41)0 

sensorv  tracts  in.  186,  191           ■ 

^^^^^^^1 

Solitary  fasciculus,  682 

5\  philis  of,  differ(*ntiat<xi  fmm  H 
loctjuKitor  ataxia,  319               H 

^^^^^^^1 

Spasm  of  anu  in  disejises  of  lirain,  423 

^^^^^^^1 

cortical,  in  disea-ses  of  brain,  422 

transverse  lesion  of,  178                ^M 

^^^^^^^H 

of  face,  in  disea^^es  of  brain,  422 

tuberculous     rneningitiii     of,      H 

^^^^^^^1 

facial,  070 

3S4                                             ■ 

^^^^^^^1 

of  jaw,  660 

tumors  of,  390                             H 

^^^^^^^1 

of  ieg,  in  disease*  of  bruin,  424 

course  of,  396                         ^M 

^^^^^^^1 

local,  in  di-seases  of  brain,  420 

diagnnsis  of.  396                       H 

^^^^^^^1 

of  muwies  in  neuritis,  52 

dilTerentiated  from  amvo-  H 

^^^^^^1 

nodding,  6»2 

trophic  latend  8c4rtoats»  H 
240                                       ■ 

^^^^^^^1 

Spastic  gai(.  184 

^^^^^^^1 

puralysii?  of  infants,  540 

etiology  of.  394                       B 

^^^^^^1 

in    malde\el(>pmcnt    of    braiu, 

M  mptoms  of,  395             ^^^B 

^^^^^^^^ 

.540 

treatment  of,  397            ^^^H 

^K 

paraplegia.     See  Lateral  sclerosis. 

sttrgical,  397            ^^^H 

^^^^^^^^ 

Speech,  evolution  of,  155 

pnglia  in  tabe*^,  290                       ^^^1 
lesions,   disturbances   of    scoMitioii  ^M 

^^^^^^^1 

niotcir  I'eni  r*^*^  of,  in  dii»eaaea  of  brain, 

^^^^I^H 

429 

in,  1S7.  193                                   ■ 

^K          ' 

Spinal  accessory  ner\e,  686 

\'arious  forms  of,  posttion  in  b«^ 

^H 

paraly.His  of,  686 

in,  184 

^H 

canal,  *:yph]htir  exudation  in,  389 

meningitis,  acute,  406                           ^1 

^H 

cord,  anil  rnia  of,  337 

course  of^  408                    ^^^B 

^H 

IXJniicious,  337 

diagnosis  of.  409            ^^^H 

^H 

pathology  of,  338 

etiologv  of,  406               ^^^H 

^^L 

svni]>iom!f  of,  339 

pathiiUjg>'  of,  406            ^^^1 

^^H 

treatment  of,  339 

jimgnusis  of,  409             ^^^H 

^^^l 

anatomy  ol,  165 

iivmptoms  of,  408          ^^^^| 

^H 

ascending  tlcgcneration  in,  190, 

treatnient  of,  400           ^^^| 

349 

chronic.  410                            ^^^H 

^^^1 

bloodvessels  of.  199 

diagnosis  of.  411              ^^^^| 

^^H 

compression  of,  383 

patholog>^  uf,  410             ^^^1 

^^^K^^ff 

causes  of,  3Ki 

KyniftU^iniM  nf.  41U            ^^^H 

^^^^^^^1 

course  of  sensory  fibres  in,  284 

treatment  of,  411             ^^^H 

^^^^^^^1 

development  of'  jH>sterior  col- 

myosis, 1549                                     ^^^H 

^^^^^^^p 

umns  of.  2Ki 

paralynis.                                        ^^^| 

^^^^^^^^ 

disease,  fUKisthr^ta  in,  186 

ascending,  222                          ^^^H 
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Spinal  sclerosis,  posterior.    See  Locomo-  I 
tor  ataxia.  I 

spasm  differentiated  from  cerebral  | 
spasm,  426 
Spine,  caries  of,  383  I 

course  of,  386  I 

pain  in,  385  | 

pathology  of,  383 
prognosis  of,  387  I 

symptoms  of,  385 

spinal,  385  ' 

treatment  of,  387 
curvature    of,    in    pseudomuscular  1 
h>T>ertrophy,  250  i 

in  syringomyelia,  272 
Spinomuscular  paralysis,  170 
Stereognosis  in  diseases  of  brain,  438      ■ 
Strabismus,  internal,  650 

in  locomotor  ataxia,  299  | 

Strychnine  in  treatment  of  acute  anterior 

poliomyelitis,  218  | 

of  locomotor  ataxia,  326  i 

of  multiple  neuritis,  114  , 

of  neuralgia,  87  ; 

Stupor  in  diseases  of  brain,  417  I 

Subcortical  paralvsis  in  diseases  of  brain,  I 

430  '  , 

Sulphide   of   carbon,    multiple   neuritis  | 

from,  128 
Sulphonal,  multiple  neuritis  due  to,  128 
Suprascapular  nerve,  paralysis  of ,  65       I 
Sympathetic  cervical  nerve  injury,  58 
symptoms  of,  58 
nerve  in  neck,  inmries  of,  58 
nervous  system,  29  i 

function  of,  30 
ganglia  of,  29 
Svncope  differentiated  from  apoplexy, ' 

'515 
Syphilis,    cerebral,    differentiated    from 
paresis,  562 
and  locomotor  ataxia,  292 
and  multiple  neuritis,  160 
of  nervous  system,  706  | 

varieties  of,  706 

deposits,  708  | 

endarteritis  and  soft- 
ening, 706  I 
exudation,  707 
hereditary,  708 
toxic  effects,  706  I 
and  paresis,  556 

of  spinal   cord  differentiated  from  i 
locomotor  ataxia,  319 
Syphilitic  cerebral  meningitis,  720,  730 
treatment  of,  731  ' 

exudation  in  spinal  canal,  389 
myelitis,  341  i 

Syringomyelia,  260 

course  of,  273  , 

diagnosis  of,  275  , 

differentiated  from  amyotrophic  lat- 
eral sclerosis,  240 
historv  of,  260 

pathology  of,  260  | 

prognosis  of,  276 


Syringomyelia,  symptoms  of,  267 
cranial  nerve,  273 
joint,  271 
reflexes,  273 
trophic,  269 
treatment  of,  276 


TABES      dorsalis.       See     Locomotor 
ataxia, 
meningeal  thickening  in,  289 
Tachycardia  in  amyotrophic  lateral  scle- 
rosis, 238 
Tantomere  neurones,  191 
Taste,   disturbances  of,    in   diseases   of 
brain.  461 
sense  of^  659 
Teeth,  grindmg  of,  661 
Temperature  in  abscess  of  brain,  569 
sense,  tract  of,  192 
variations  in,  in  diseases  of  brain, 
420 
Temporal  lobe  of  brain,  tumors  of,  607 
Tendon  Achilles,  rupture  of,  in  locomotor 
ataxia,  314 
reflexes,  exaggeration  of,  181 

in  spinal-cord  disease,  181 
loss  of,  180,  182 

in  spinal-cord  disease,  180 
Tenotomy  in  treatment  of  acute  anterior 
poliomyelitis,  221 
in  treatment  of  multiple  neuritis, 
115 
Tenth  nerve,  683 
Testicles,  neuralgia  of,  98 
Third  nerve,  644 

paralysis  of,  646 
etiology  of,  646 
svinptoms  of,  647 
Thomsen's  disease,  258 

symptoms  of,  258 
Thoracic  nerve,  posterior,  paralysis  of,  66 
Thought,  disturbances  of,  in  diseases  of 

bram,  462 
Thrombosis,  cerebral,  differentiated  from 
hemorrhage,  518 
pathology  of,  493 
sinuses,  580 

etiology  of,  580 
pathology  of,  580 
symptoms  of,  582 
treatment  of,  582 
treatment  of,  525 
of  lateral  sinus  differentiated  from 

abscess  of  brain,  576 
of  retinal  artery,  637 
Tic  convulsif,  670 
Tinnitus  aurium,  675 
Tongue,  atrophy  of,  693 

hemiatrophvof,in  locomotor  ataxia, 

314 
paralysis  of,  693 
Torticollis.  6S7 
Touch,  memories  of,  in  diseases  of  brain, 

438 
Toxic  forms  of  multiple  neuritis.  117 


^^^^^^^^^H                      ^^^r                                          ^^M 

^^^^^^^^^^^^^^^^v 

Trigeminal  neuralgia,  svmptoiiv**  of.  ^   B 

^^^^^^^^^^^^^^H 

treatment  of,  fe                              H 

^^^^^^^^^^^^^^^^1          Treatment  of  iiUsrei^s                    578 

surgical,  88                              fl 

^^^^^^^^^^^^^^B                   of              nnterior   polioinyelit^  218 

Trioual,  nmltiple  neuritis  due  to,  12S 

^^^^^^^^^^^^^^^                                                           409 

j  Trismus,  660 

^^^^^^^^^^^^^^^^H                of  amyotniphie              f^clerosiiB,  240 

Trophic  symjgoins  in  multiple  neuritis^ 

^^^^^^^^^^^^^^^^^^ 

^^^^^^^^^^^^^^^^^H 

of  nerv^e  injur),  thcor\'  of,  49    ^ 

^^^^^^^^^^^^^^^^^^^B 

Tub<»relc>  of  spinal  rord,  391                         ■ 

^^^^^^^^^^^^^H^^V                               neuritis,  110 

Tubercular     meningitis     differentiated    H 

^^^^^^^^^^^^^^^                        huihar  paraly$(is.  B28 

from  tumors  of  brain,  614                        ■ 

^^^^^^^^^^^^^K                                              disetkse,  358 

Tuberciilo.si«  of  brain,  586                             ■ 

^^^^^^^^^^^^^H 

i-erebral  meningitis,  719,  727             ^ 

^^^^^^^^^^^^1 

meningitis  of  cord,  384                  ^^H 

^^^^^^^^^^^^^1 

and  nmltiple  neuritis,  159          ^^^H 

^^^^^^^^^^^^^H 

Tumors  of  ba^d  ganglia,  608            ^^^^H 

^^^^^^^^^^^^B 

of  lia^e  of  brain.  610                     ^^^H 

^^^^^^^^^^^^^H                         r>f  dtronie  anterior  poliomyelitis,  232 

of  brain,  5h84                                   ^^H 

^^^^^^^^^^^^H 

course  of,  616                          ^^^ 

B^^^^^^^^^^^H                                               meningitis, 

differentiated   from   braiti    mh^ 

II^^^^^^^^^^^^V                         of  comhintHt  Hflerusis,  331) 

^^SR,  614 

■^                                        of  tliphtlieritie  paralysis,  143 

from  cerebral  amttnia^  61 5  f 

^^^^^^^H                                          of  enccphaiitis,  555 

hemorrhage,  615            H 
from  rhronic  nvdrocepha'^  H 

It           ^^^^1                                        of  endarteritiK,  522 

j                                         of  facial  paralysis,  669 

hit$,  615           '                      ■ 

^^i                                          <if  hiFmatoiiiyplia,  3 HI 

from  multiple  scleroi»s,704H 

^^M                                         of  hemiatne.sthesia,  528 

from  nephritis,  615               H 

i^H                                          of  hemiple(2^ia,  527 

from     tubereubu-     menia^^^l 

'                                          of  injviries  of  spinal  rord,  381 

gitis,  614                            *■ 

of  intfft'ostal  neuralisia,  tH 

etiolog>*  of,  585                         ^^M 
pathtjlogy  of,  585                    ^^^B 

,                                            of  htteral  sclerosis,  284* 

J                                           of  locomotor  ataxitt,  319 

progno:!is  of,  617                    ^^^H 

^^M                                         of  mnltiple  ni'uriti!<.  112 

symptonx^  of,  594,  596         ^^^B 

^M                                                           aleoholie,  125 

general,  597                    ^^^B 

^^T|                                                        arstMneal,  134 

ocalizing,  602                  ^^^B 

tlue  to  lead  pc>i«jning,  139 

mental  599                             H 

^jl                                                          Hflerosis,  705 

treatment  of,  medical,  dig  ^^^| 

^^H                                        t»f  mUHi'ular  dystrophies^  254 

surgical.  618                    ^^M 

^^H                                         of  myelomnlacia   356 

varieties  of,  585                      ^^^H 

^^H                                        of  neuralgia,  81 

^thout  s\'mptotti3,  595             ^B 

fc         ^^H                                          of  neuritis,  54 

of  central  region  of  liraiu,  fKM          ^M 

HK                                                          of  obstetrical  paralys<is,  iH 

of  e<'rebelhmi.  611                                   ^H 

^1                                                            of  ophllialmoplegia  ext4?ma,  f>56 

of  c*orp«^ra  iiuadrigemina,  610            ^M 

^H                                                            of  optie  lu^nntis,  6-11 

of  corpus  eallosum,  0*)7                       ^M 

^H                                                            of  paeh\  njeni  riif  i  1  is  eerviealis  hyper- 

of  ems  cerebri,  610                                ^B 

H                                                                          tntphiea,  402 

of  frontal  lobes  of  brain,  603        ^^H 

^B                                                                   interna,  711 

of  medulla,  611                                ^H 

^ of  penueious  antemia  of  spinal  I'ord, 

of  ner\'es,  75                                   ^^^H 

^^H^H 

of  occipital  lobe  of  brain,  GM     ^^^B 

^^^^^^^B                                       of     progrca'dve     neural     mu^euUr 

of  optie  thalamus*,  609                  ^^^B 

^^^^^^^^1                                           atrophy,  258 

of  parietal  lolies  of  brmtn,  606     ^^^B 

^^^^^^^B 

of  pons,  611                                      ^^^B 

^^^^^^^^B                                        of  syphilitic  mrningitij^,  731 

of  spifial  cord.  390                          ^^^B 

^^M             1                                        of  i^VrinKomyelia.  276 

diagno'^is  of,  396                     ^M 

^^^^^^^^B                                       of  thrombosis  of  t*erehral  isiiiuse^f 

differentiat^Kl  fitytn  MByo>^| 

^^^^^B 

trophic  lateral  ftctercMla,.fl 

^^^^^^^1                                      of  triji^emiTial  neuralgia,  85 

^^^^^^^^1                                         of  lumoni  cif  brain,  618 

etiology  of,  394                      H 

^^^^^^^^1                                                                eortl,  397 

wvfnptoms  of,  39S            ^^^B 

^^^^^^^^1 

Irvatment  of,  307           ^^^M 

^^^^^^^^P                               Tremor,                        700 

surgical,  397            ^^^| 

^^^^^^^B                                 Trigemii^al  nerve,  ()5ti 

of  Sylvian  n^gion  of  brain«  607  ^^^B 

^^^^^^H 

i»f  tefii|x»ral  li»ltc«  of  brain.  607          ^B 

^^^^^^^B 

Twelfth  nerve,  692                                       ■ 

^^^^^^^P                                                   diagnosis  of^  H5 
^^^^V                                                   etiolo^'  of.  82 

Typhoid  fever,   multipk  tHniritl«  ftfter.H 

146                                                           ■ 
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ULCER,     perforating,    in   locomotor 
ataxia,  311 
Ulnar  nerve  injurj',  47 

paralysis  of,  69,  71,  156 
Ura?mia  differentiated   from   apoplexy, 

516 
Urethral  crises  in  locomotor  ataxia,  303 


VAGUS  nerve,  683 
paralysis  of,  laryngeal  s\Tnp- 
toms  of,  684 
Variola,  multiple  neuritis  after,  147 
Vasomotor  svmptoms  in  multiple  neu- 
ritis, 108,  123 
in  neuritis,  50 
Venous  sinuses  of  brain,  581 
Vertebra,  carcinoma  of,  387 
pain  in,  388 
cer\'ical,  fracture  of,  371 
dorsal,  fracture  of,  372 
lumbar,  lower,  fracture  of,  378 

upper,  fracture  of,  375 
relation  of,  to  spinal  cord,  370  ' 

sarcoma  of,  387 


Vertebra,    sarcoma   of,    svmptoms  of, 

388 
Vertigo,  677 

in  apoplexy,  409 

causes  of,  678 

in  diseases  of  brain,  416 

in  paresis,  561 

treatment  of,  679 

in  tumors  of  brain,  601 
Vesical  crises  in  locomotor  ataxia,  303 
Vestibular  nerN'e,  675 
Vision,  disturbances  of,  in  diseases  of 

brain,  449 
Voltolini's  disease,  678 
Voluntary'  acts,  mechanism  of,  26 
Vomiting,  cerebral,  685 

in  diseases  of  brain,  418 

in  tumors  of  brain,  601 


WEBER'S  svndrome  in  diseases  of 
brain,  432 
Westphal's  disease,  704 
Wrisberg,  nerve  of,  663 
Wr>'neck,  687 


